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® Verfahren zur Herstellung von Acrylsaure durch heterogen katalysierte Partiatoxidation von Propan 
(g) Ein Verfahren zur Herstellung von Acrylsaure durch he- 

terogen katalysierte Partial oxidation von Propan, bei dem 

man im Verlauf des Verfahrens den Gehalt des Reaktions- 

gasausgangsgemisches an Wasserdampf verringert. 
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Beschreibung 

[0001] Vorliegende Erfindung betriff t ein Verfahren zur HersteUung von Acrylsaure durch heterogen katalysierte Par- 
tialoxidation von Propan in der Gasphase, bei dem man ein Propan, molekularen Sauerstoff und wemgstens ein Verdiin- 
5 nungsgas enthaltendes Reaktionsgasausgangsgemisch bei erhohter Temperatur uber eine Multimetalloxidmasse der all- 
gemeinen Stochiometrie I 

MdVbM^M^On (1) 

io mil 

M 2 = werdgstenseines der Elemente aus der Gruppe umfassend Nb, Ta, W, Ti, Al, Zr, Cr, Mn, Ga, Fe, Ru, Co, Rh, Ni, Pd, 
Pt, La, Bi, B, Ce, Sn, Zn, Si und In, 
b = 0,01 bis 1, 
15 c = > 0 bis 1, 

n = eine^ahUdfe durch die Wertigkeit und Haufigkeit der von Sauerstoff verschiedenen Elemente in (I) bestimmt wird, 
lei tet und dabei das Propan partiell zu Acrylsaure oxidiert. 

[0002] Verfahren zur HersteUung von Acrylsaure, einem zur HersteUung von Polymerisaten bedeutenden Monomeren 
20 durch heterogen katalysierte Partialoxidation von Propan an Mulumetalloxidmassen der allgemeinen Stochiometne I 
S aUgemein bekannt (vgl. z. B. DE-A 101 19 933, DE-A 100 51 419, DE-A 100 46 672 DE-A 100 33 121, EP- 
A 962253, EP-A 895809, DE-A 198 35 247, EP-A 608838, WO 00/29105 und WO 00/29106). 

[0003] Gemeinsames Merkmal der im Stand der Technik gegebenen Lehren (vgl. z. B. EP-B 608838, Seite 4, Z*ilen 
39/40) und erzielten Ergebnisse ist, daB eine Mitverwendung signifikanter Mengen an Wasserdampf im Reakuonsgas- 
ausgangsgemisch sowohl fur die Katalysatoraktivitat als auch fur die Selektivitat der AcryUaurebildung vorteiUiaft ist. 
[0004] Nachteilig an dieser im Stand der Technik empfohlenen Verfahrensweise ist jedoch, daB bei den Verfahren der 
gasphasenkatalytisch oxidativen HersteUung von Acrylsaure keine reine Acrylsaure sondern ein Produktgasgemiscn er- 
halten wird, von dem die Acrylsaure abgetrennt werden muB. m 
10005] In typischer Weise enthalt das Produktgasgemiscn einer heterogen katalysierten GasphasenpartialoxidaUon von 
Propan zu Acrylsaure neben nicht umgesetztem Propan Nebenkomponenten wie Propen, Acrolein, C<^, CO, Essigsaure 
und Propionsaure, aber auch die als Verdunnungsgase mitverwendeten Komponenten wie z. B. Wasserdampf, von denen 
die Acrylsaure abgetrennt werden muB, urn zum reinen Produkt zu gelangen. 
10006] Aufgrund der ausgepragten Affinitat von Acrylsaure zu Wasser (bei den in Babywindeln eingesetzten Superab- 
sorbern handelt es sich urn Polymere auf Acrylsaurebasis) ist die vorgenannte Trennaufgabe urn so aufwendiger, je mehr 
35 Wasserdampf bei der Gasphasenoxidation als Verdunnungsgas mitverwendet worden ist. 

[0007] Ein Beisein erhohter Mengen an Wasserdampf fordert auBerdem die unerwiinschte Bildung von Propionsaure 
als Nebenprodukt, das sich infolge seiner Ahnlichkeit mit Acrylsaure von letzterer nur noch auBerst schwieng abtrennen 

jo008] Bevorzugt ware daher ein Verfahren der heterogen katalysierten Partialoxidation von Propan zu Acrylsaure das 
der Mitverwendung von Wasserdampf als Verdunnungsgas entweder gar nicht oder nur in einem vernngerten Umfang 
bedarf und bei dem die Katalysatoraktivitat und die Selektivitat der Acrylsaurebildung trotzdem zu befnedigen vermo- 

fo0091 DemgemaB wurde ein Verfahren zur HersteUung von Acrylsaure durch heterogen katalysierte Partialoxidation 
von Propan in der Gasphase, bei dem man ein Propan, molekularen Sauerstoff und wenigstens ein Verdunnungsgas ent- 
haltendes Reakuonsgasausgangsgemisch bei erhohter Temperatur uber eine MultimetaUoxidmasse der aUgememen Sto- 
chiometrie I 

MdVbM^M^On (I), 

50 mit 

M 2 = wen^g^refn b es der Elemente aus der Gruppe umfassend Nb, Ta, W, Ti, Al, Zr, Cr, Mn, Ga, Fe, Ru, Co, Rh, Ni, Pd, 
Pt, La, Bi, B, Ce, Sn, Zn, Si und In, 
b =0,01 bis 1, 
55 c = >0bisl, 

n = ein^Zah^die durch die Wertigkeit und Haufigkeit der von Sauerstoff verschiedenen Elemente in (I) bestimmt wird, 
leitet und dabei das Propan partieU zu Acrylsaure oxidiert, gefunden, das dadurch gekennzeichnet ist, daB die Zusam- 
mensetzung des Reaktionsgasausgangsgemisches wahrend der Durchfuhrung des Verfahrens wenigstens einmal so ge- 
60 andert wird, daB der im Reaktionsgasausgangsgemisch, bezogen auf die im Reakuonsgasausgangsgemisch enthaltene 
molare Menge an Propan, vor der Anderung enthaltene molare Anteil des Verdiinnungsgases Wasserdampf nach der An- 

SlO] ^GrlnSr^ Verfahrensweise ist der uberraschende Befund, daB MultimetaUoxidmassen 

der allgemeinen Stochiometrie I ihre Fahigkeit, bei der katalytischen Gasphasenoxidation von Propan zu Acrylsaure im 
65 Beisein erhohter Mengen an Wasserdampf als Verdunnungsgas die Acrylsaure mit erhohter Akti vitat und SelekUvitat zu 
bilden in wesentlichem Umfang beibehalten, wenn man im Reaktionsgasausgangsgemisch wahrend einer gewissen Be- 
triebsdauer, bezogen auf im Reakuonsgasausgangsgemisch enthaltenes Propan, zunachst einen besUrnmten Anteil an 
Wasserdampf mitverwendet und diesen Anteil anschlieBend verringert. D. h., auch nach der durchgefuhrten Vernnge- 
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. w „„ r j a „„f !m ,-;i« ! ; m ReaktionseasausEaneseemisch verlauft die heterogen katalysierte Gasphasenoxidation 

mm^SSS^SS^ man beim erfindungsgemaBen Verfahren die Verringerung des Wasserdampfanteils wenig- 
Es eilSe d^eh eine Erhohung des Anteils der von Wasserdampf verschiedenen, be.m erfindungsgemaBen Vertoh- 
Z f* Z^endS, Verdunnungfgase ausgleichen. Der Ausgleich kann aber a-hunterbleiben^o che -deren Ver- 

t^nV^^Z^r, bezogen auf die eingesetzte Menge an mo.ekularem Sauerstoff, uberstoctuometnschen 

IS ^tSehe'rweise werden Gemische der voigenannten Verdunnungsgase angewendet Sie verhalten sich normaler- 
Sb^£S^ Verfahren als inert. D. h., sie werden bei der Durchfuhrung des erfindungsgemaBen Ver- 

SST 1;Se^nS:i C tr^ Verfahrensweise die molare Verringerung des Wasser- 

Ben Verfahren als Wasserdampfersatz molekularer Stickstoff verwendet 

Sl4] In der Kegel wird das erfindungsgemaBe Verfahren bei Reakuonstemperaturen von z. B. ^0C bis 550 C oder 
von 230 bis 480°C bzw 300 bis 440°C durchgefuhn. Selbstredend kann beim erfindungsgemaBen -Verfahren die Tempe- 

kann Send des erfmdungfgemaBen Verfahrens sowohl konstant gehalten als auch vaniert werden D. h., der Ar- 

fi z lg^ 

filr das erfindungsgemaBe Verfahren innerhalb des folgenden Rahmens (molare Verhaltmsse). 
Propan : Sauerstoff : H 2 0 : sonstige Verdunnungsgase = 
1 : (0,1-10) : (0-50) : (0-50). 

teils im Bereich A =1 : (0,1-10) : (0,1-50) : (0-50), und nach der Verringerung des Wasserdampfanteils .m Bere.ch x> 
SnSgemJbevorzugt umfaBt der Bereich A die molaren Verhaltnisse 1 : (0,5-5) : (2-30) : (0-30), und 

£ StiS^S^ winL Wahrend der Anwendung des ZusammensetzungsbereKhes A fur das Reatoo^' 
u™S betragt die Reaktionslemperatur beim erfindungsgemaBen Verfahren zweckinaB.g 250 b« 550 C und 
w^Sle™ nwendung des Zusammensetzungsbereiches B fur das ^^^s^sch betragt d,e Reaku- 

vSen^we^ werden" D. h., das Katalysatorbett kann sowohl ein Festbelt, em Wanderbett oder em 

S^Dabd konnen die erfindungsgema^ zu verwendenden Mulfim^^^ 

ver Oder zu Splitt zerkleinert) oder auch zu Formkorpem geformt fur das erfindungsgemaBe Verfahren emgesetzt .werden. 
raOM Die HerSn^on fur das erfindungsgemaBe Verfahren geeigneten MuldmetaUoxidmassen I kann ta e n- 

mW^ml Heretellung erfolgt dabei in der Regel so, daB bei Normaldruck (1 atm) aus Quellen (Ausg^gsverbindun- 
wL H^n^ren Konsdtuenten der MultimeiaUoxidmassen ein moglichst inniges, vorzugsweise feinteihges Trok- 
Si£2^^JSSSS£S durch thermische Behandlung unter oxidlerender £ B^Luft), reduz^ren- 
H^r 3rer fz B MM^ oder reduzierten Druck aufweisender Almosphare in ein akUves Oxrf uberfuhrl wild. 
SSr*£25ttTSSSfc das erfindungsgemaBe Verfahren aber auch die auf hydrothermalem Weg herge- 
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LU02HJ Uierormung uci uu n 1 8 814 und in der DE-A 101 19 933 beschneben erfolgen. 

das durch die Formel 

2S R = Pi/(Pi + Pk) 

definite Intensitatsverhaltnis ist. Bevorzugt weist das R6ntgendiffraktogramm dieser Mulumetalloxide I keinen Beu- 
5rTi n « ^ -r < n 7S und eanz besonders bevorzugt sindjene fur die giltR = 0,70 bis U,/:> dzw.k-u,^. 

denen der i-Phasen , als K ata,ysa,oren fur 

Q ^e^ 

Gasphasenoxidation von Propan bzw. Propen zu Acrylsa OT . t ^5S5Ste Standes derlechnik offenbarter, Weise 
JESSES S£ r£ A B 7.a%T^^^«u4 vo„ crfnduw- „ ™~-d» M* 

SSS Erfolgt die thermische Behandlung unter gasformiger Atmosphere, kann diese sowohl stehen als auch nieBen. 
ZUn* ^nn die therrnische Behandlung bi s zu J h odj^ ^ToSe^ enthaltender) Atmo- 

65 [0040] Bevorzugt erfolgt die thermische Behandlung 35() o C ^ AnschluB daran wird die ther- 
sphare (z. B. unter Luft) bei einer Temperatur von 150 bis 400 C bzw. ^™ b 40Q bis 650 c C ^ 400 bis 

m'ische Behandlung zweckmaBig junto : Inertgas bei T^pa^n von ^ ™^^ ufcnna8Be 
600°C fortgesetzt. Selbstredend kann die thermische Behandlung auch so enoigen, u*» jr 
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vor ihrer thermischen Behandlung zunachst (gegebenenfalls nach Pulverisierung) tablettiert (gegebenenfalls unter Zu- 
satz von 0,5 bis 2 Gew,% an feinteiligem Graphit), dann thermisch behandelt und nachfolgend w.eder versphttet wird. 
[0041] Das innige Vermischen der Ausgangsverbindungen in. Rahmen der HersteUung von erfindungsgemaB zu ver- 
wendendenMultimetaUoxidmassenlkannganzgenereUintrockeneroderinn^ 

[0042] Erfolgt es in trockener Form, werden die Ausgangsverbindungen zweckmaBigerweise als feinteihge Pulver e,n- s 
Usetzt und nach dem Mischen und gegebenenfaUs Verdichten der Calcinierung (thernuschen Behandlung) unterworfen. 
K Vorzugsweise erfolgt das innige Vermischen jedoch in nasser Form. tjbhchemeise werden *e Ausgangsver- 
bindungen dabei in Form einer waBrigen Ldsung und/oder Suspense miteinander venrnscht. *"^f^ 
waBrige Masse getrocknet und nach der Trocknung calciniert. ZweckmaBigerwe.se handelt es sich be. der waBngen 
Masse urn eine waBrige Losung oder urn eine waBrige Suspension. Vorzugsweise erfolgt der TrocknungsprozeB unnut- to 
teC im AnschluB antfe Hersfellung der waBrigen Mischung und durch Spruhtrocknung (die Aus « tl f p m fi ^~ e b n e ; 
tragen in der Regel 100 bis 150°C; die Spriihtrocknung kann im Gleichstrom oder .m Gegenstrom durchgefthrt werden), 
dTe ein besondere inniges TrockengemisVh bedingt, vor allem dann, wenn es sich be, der spriihzutrocknenden waBngen 

WW U Ats SSffi— Konstituenten kommen im Rahmen der Durchmhrung der HersteUung von er- 15 
findungsgemaB zu verwendenden Multimetalloxidmassen I aUe diejenigen in Betracht, die beim Erhilzen (gegebenen- 
fauTa^ Luft) Oxide und/oder Hydroxide zu bilden vermogen. Selbstredend kdnnen als solche Ausgangsverbindungen 
auch bereits Oxide und/oder Hydroxide der elementaren Konstituenten mitverwendet oder ausschheBhch verwendet 

[IMS]' ErfindungsgemaB geeignete Quellen fur das Element Mo sind z. B. Molybdanoxide wie Molybdantrioxid, Mo- 20 
ybdate wie Ammoniumheptamolybdauetrahydrat und Molybdanhalogenide w»e Molybdanchlond. 

[0046] Geeignete, erfindungsgemaB mitzuverwendende Ausgangsverbindungen fur das Element V sind z. B ^ Vanady- 
acety lacetonat, Vanadate wie Ammoniummetavanadat, Vanadinoxide wie Vanadmpentox.d (V 2 0 ? ), Vanadinhalogen de 

w'e Va^adintetrachlorid (VCU) und Vanadinoxyhalogenide wie VOCl 3 . Dabe, konnen als Vanadinausgangsverbindun- 

een auch solche mitverwendet werden, die das Vanadin in der Oxidationsstufe +4 enthalten. 

ST^ QuS das Element Tellur eignen sich erfindungsgemaB TeUuroxide wie Tellurd.oxtd, metaUisches 

TeUur TeUurhalogenide wie TeCl 2 ,aber auch TeUursauren wie OrthoteUursaureHfiTeOe. 

[0048 VorteilhaVte Antimonausgangsverbindungen sind Antimonhalogen de w.e SbCl 3 , Anumonox.de w, e A^nUmon- 
|.„m ,01, r> 1 Antimon^auren wie HSWOHV, aber auch Antimonoxid-Salze wie AnUmonoxid-sulfat (Sb(J) 2 5>U 4 . 
mm ^£5SK^^5S^ sind z. B. Nioboxide wie Niobpentoxid (Nb^), Nioboxidhalogemde 
IT^OcS Sbhflogenide wie NbCl 5 , aber auch komplexe Verbindungen aus Niob und orgaruschen ^bonsau^n 
und/oder Dicarbonsaurin wie z. B. Oxalate und Alkoholate. Selbstredend kommen als NiobqueUe auch die in der EP- 
A 895 809 verwendeten Nb enthaltenden Losungen in Betracht. 

foOSO] Beztiglich aUer anderen mdglichen ElementeM* kommen als erfindungsgemaB ^Z^C^' 
Len vor allem deren Halogenide, Nitrate, Formiate, Oxalate, Acetate, Carbonate und/oder Hydroxide in Betracht. Geeig- 
nete AusgSsvertTindung g en sind vielfach auch deren Oxoverbindungen wie z. B. Wolframate bzw. die von d.esen abge- 
leiteten Sauren Haufie werden a^ Ausgangsverbindungen auch Ammomumsalze eingesetzt 

VSS F-^klm-alsAusgangs^ 

auch Polvanionen vom Anderson Typ in Betracht, wie sie z. B. in Polyhedron Vol. 6, No. 2, pp. 213-218, 1987 bescnne 
ben smd H„e wei^re geeignete Literaturquelle fur Polyanionen vom Anderson Typ bilde, K.netics and Catalysis, Vol. 40 

mES \ndere P lTusganSverbindungen geeignete Polyanionen sind z. B.: solche vom Dawson oder Keggin Typ. 
Vorzuiswdse werden erfindungsgemaB solche Ausgangsverbindungen verwendet, die sich bei erhohten Tfemperaluren 
en3eHm BeLin oder bei AusschluB von Sauerstoff, gegebenenfalls unter Freisetzung gasformiger Verbindungen, in 

Die wTe^hrieben erhaltlichen erfindungsgemaB zu verwendenden MuldmetaUoxidmassen I konnen als sol- 
che [z B als Pulver oder nach Tablettieren des Pulvers (haufig unter Zusatz von 0,5 bis 2 Gew,% an feinteiligem Gra- 
P hU) und n^hfolgendem Versplitten zu Splitt zerkleinert] oder auch zu Formkorpern geformt fur das erfindungsgemaBe 

mit^lo^X^orr^^rn kann z. B. durch Aufbringen auf einen Tragerkorper erfolgen, wie es in der alte- 

Ssweise Ssch utert. DA sie greifen in den Ablauf der katalydschen Gasphasenoxidauon des Propans zu Acryl- 
Z SrSndungsgemaB zu verwendenden Multimetalloxidmassen katalysiert wird, im wesenthchen mcht 

[0056] Als Material fur die Tragerkorper kommen erfindungsgemaB insbesondere Aluminiumoxid, SUteiumdioxid, Si- 
licate wie Ton, Kaolin, Steatit, Bims, AluminiumsiUcat und Magnesiumsihcat, Sibciumcarbid, Zirkondioxid und Thon- 

[MSTT^oSache des Tragerkdrpers kann sowohl glatt als auch rauh sein. Mit Vorteil ist die Oberflache des Tra- 
gSonperf rauh da eine erhohte Oberflachenrauhigkeit in der Regel eine erhohte Haftfestigkeit der aufgebrachten Ak- 60 

lo^87 e mufi 1 g SSle OberflachenrauhigkeitR, des Tragerkdrpers im Bereich van , f j bis 200 pm, oft im Benrieh .von 
20 bis 100 Jm (bestimmt gemaB DIN 4768 Blatt 1 mit einem "Hommel Tester fur DIN-ISO OberflachenmeBgroBen der 

Fws"r Fem^ann dL Tragermaterial pords oder unpords sein. ZweckmaBigerweise ist das Tragermaterial unporos 6S 
rnesamtvolumenderPorenaufdas Volumen des Tragerkorpers bezogen < 1 Vol.-%). 

gSTS^Tto auf den erfindungsgemaBen ichalenkatalysatorei^ jbefin^hen ^SSS^^S 
ublicherweise bei 10 bis 1000 M m. Sie kann aber auch 50 bis 700 um, 100 bis 600 urn oder 150 bis 400 um betragen. 
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Mogliche Schalendicken sind auch 10 bis 500 urn, 100 bis 500 urn oder 150 bis 300 um. 

[0061] Prinzipiell kommen fur das erfindungsgemaBe Verfahren beliebige Geometrien der Tragerkorper in Betracht. 
Ihre Langstausdehnung betragt in der Regel 1 bis 10 mm. Vorzugsweise werden jedoch Kugeln oder Zylinder, insbeson- 
dere Hohlzylinder, als Tragerkorper angewendet. Giinstige Durchmesser fur TVagerkugeln betragen 1,5 bis 4 mm. Wer- 
den Zylinder als Tragerkorper verwendet, so betragt deren Lange vorzugsweise 2 bis 10 mm und lhr AuBendurchmesser 
bevorzugt 4 bis 10 mm. Im Fall von Ringen liegt die Wanddicke dariiber hinaus ublicherweise bei 1 bis 4 mm. Erfin- 
dungsgemaB geeignete ringfdrmige Tragerkorper konnen auch eine Lange von 3 bis 6 mm, einen AuBendurchmesser von 
4 bis 8 mm und eine Wanddicke von 1 bis 2 mm aufweisen. Moglich ist aber auch eine Tragemnggeometrie von 
7 mm x 3 mm x 4 mm oder von 5 mm x 3 mm x 2 mm (AuBendurchmesser x Lange x Innendurchmesser). 
[D062] Die Herstellung erfindungsgemaB zu verwendender Schalenkatalysatoren kann in einfachster Weise so erfol- 
een dass man aktive Oxidmassen der allgemeinen Formel (I) vorbildet, sie in eine feinleilige Form iiberfuhrt und ab- 
schlieBend mit Hilfe eines fliissigen Bindemittels auf die Oberflache des Tragerkorpers aufbringt. Dazu wird die Ober- 
flache des Tragerkorpers in einfachster Weise mit dem fliissigen Bindemittel befeuchtet und durch Inkontaktbnngen nut 
feinteiliger aktiver Oxidmasse der allgemeinen Formel (I) eine Schicht der Akuvmasse auf der befeuchteten Oberflache 
angeheftet AbschlieBend wird der beschichtete Tragerkorper getrocknet. Selbstredend kann man zur Erzielung einer er- 
hohten Schichtdicke den Vorgang periodisch wiederholen. In diesem Fall wird der beschichtete Grundkorper zum neuen 

[^I^^Fetnheit der auf die Oberflache des Tragerkorpers aufzubringenden katalytisch aktiven Oxidmasse der all- 
gemeinen Formel 0) wird selbstredend an die gewunschte Schalendicke angepaBt. Fiir den Schalendickenbereich von 
100 bis 500 urn eignen sich z. B. solche Aktivmassenpulver, von denen wenigstens 50% der Gesamtzahl der Pulverpar- 
tikel ein Sieb der Maschenweite 1 bis 20 urn passieren und deren numerischer Anteil an Partikeln mit einer Langsiaus- 
dehnung oberhalb von 50 urn weniger als 10% betragt. In der Regel entspricht die Verteilung der Langstausdehnungen 
der Pulverpartikel herstellungsbedingt einer GauBverteilung. Haufig ist die KorngroBenverteilung wie folgt bescnaffen: 
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[0064] Dabei sind: 

D = Durchmesser des Korns, 

x = der prozentuale Anteil der Korner, deren Durchmesser > D ist und 

y = der prozentuale Anteil der Korner, deren Durchmesser < D ist. m 
[00651 Fur eine Durchfuhrung des beschriebenen Beschichtungsverfahrens im technischen MaBstab empfienlt sich 
z B die Anwendung des in der DE-A 29 09 671, sowie der in der DE-A 100 51 419 ofTenbarten Verfahrensprinzips. 
D h die zu beschichtenden Tragerkorper werden in einem vorzugsweise geneigten (der Neigungswinkel betragt in der 
Recel > 0° und < 90°, meist > 30° und < 90°; der Neigungswinkel ist der Winkel der Drehbehalterrmttelachse gegen 
die Horizontal) rotierenden Drehbehalter (z. B. Drehteller oder Dragiertrommel) vorgelegt. Der rotierende Drehbehalter 
fuhrt die z B kugelfdrmigen oder zylindrischen Tragerkorper unter zwei in bestimmtem Abstand aufeinanderfolgend 
angeordneten Dosiervorrichtungen hindurch. Die erste der beiden Dosiervorrichtungen entspricht zweckmaBig einer 
Difse (z B eine mit Druckluft betriebene Zerstauberduse), durch die die im rotierenden Drehteller rollenden Tragerkor- 
per mit dem fliissigen Bindemittel bespriiht und kontrolliert befeuchtet werden. Die zweite Dosiervornchtung befindet 
sich auBerhalb des Zerstaubungskegels des eingespriihten flussigen Bindemittels und client dazu die feinteihge oxidische 
Aktivmasse zuzufuhren (z. B. iiber eine Schuttelrinne oder eine Pulverschnecke). Die kontrolhert befeuchteten Trager- 
kugeln nehmen das zugefuhrte Aktivmassenpulver auf, das sich durch die rollende Bewegung auf der auBeren Oberfla- 
che des z B zylinder- oder kugelformigen Tragerkorpers zu einer zusammenhangenden Schale verdichtet. 
[00661 Bei Bedarf passiert der so grundbeschichtete Tragerkorper im Verlauf der darauffolgenden Umdrehung wie- 
derum die Spriihdiisen, wird dabei kontrolliert befeuchtet, urn im Verlauf der Weiterbewegung eine weitere Schicht fein- 
teiliger oxidischer Aktivmasse aufhehmen zu konnen usw (eine Zwischentrocknung ist in der Regel nicht erforderbch). 
Feinteihge oxidische Aktivmasse und flussiges Bindemittel werden dabei in der Regel kontinuierlich und simultan zuge- 

[0067] Die Entfernung des flussigen Bindemittels kann nach beendeter Beschichtung z. B. durch Einwirkung von hei- 
Ben Gasen wie N 2 oder Luft, erfolgen. Bemerkenswerterweise bewirkt das beschriebene Beschichtungsverfahrer^ so- 
wohl eine voll befriedigende Haftung der aufeinanderfolgenden Schichten aneinander, als auch der Grundschicht auf der 
Oberflache des Tragerkorpers. 

[0068] Wesendich ftir die vorstehend beschriebene Beschichtungs weise ist, dass die Befeuchtung der zu beschichten- 
den Oberflache des Tragerkorpers in kontroUierter Weise vorgenommen wird. Kurz ausgedruckt heiBt dies, dass man die 
Trageroberflache zweckmaBig so befeuchtet, dass diese zwar flussiges Bindemittel adsorbiert aufweist, aber auf der 
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TrSgeroberflache keine Fliissigphase als solche visuell in Erscheinung iritt. 1st die ™ 
glomeriert die feinteilige katalytisch aktive Oxidmasse zu gettennua, Agglomerate ansu* auf g. Oberflache aufzuzie- 
hen Detaillierte Angaben hierzu finden sich in der DE-A 29 09 671 und m der DE-A 100 51 419. ...... 

[0M9]tte ^rerwahnte abschlieBende Entfernung des verwendeten fliissigen Bindeimtte U ; kann in konuolherter 
wSz-B^urcT^^^ 

kunThe Ber Gase entsprechender Temperatur (haufig 50 bis 300, haufig 150°Q erfolgen. Durch Einwirkung heiBer Gase 
S abfauch nur eine Vortrocknung bewirkt werden. Die Endtrocknung kann dann beisp.elsweise ,n einem TVocken- 
SbeliebTger An (z. B. Bandtrockner) oder im Reaktor erfolgen. Die einwirkende Tfemperatur sollte dabe. mch ober- 
hLb der z!.r Hemeilung der oxidischen Aktivmasse angewendeten Calcinationstemperatur l.egen. Selbstverstandhch 
kann die Trocknung auch ausschlieBlich in einem Trockenofen durchgefuhrt werden. ( . . . TrSeer . 

(00701 Als Bindemittel fur den BeschichtungsprozeB konnen unabhangig von der Art und der Geometne oesjrager 
Spers ver^endet werden: Wasser, einwertige Alkohole wie Ethanol, Methanol, Propanol und Butanol mehrweruge Al- 
koSe^S 

wfe ftopfanlauL, OxLaure, Malonsaure, Glutarsaure oder Maleinsaure, Aminoalkohole wie Ethanolannn oder Dietha- 
nriamk Tsowie ein- oder mehrweruge organische Amide wie Formamid. Gunstige B.ndemitte sind auch Losungen, be- 
5»S.^20 to 90Gew,% Wasser und 10 bis 80 Gew.-% einer in Wasser gelosten oigamschen Verbindung deren 
'^^^^X^on^nverBmMNonn^^l atm) > 100°C, vorzugsweise > ™°^^J^y°^ 
wird die organische Verbindung aus der vorstehenden Auflistung moglicher orgamscher Bindenmtel ausgewahlL Vor- 
r u Sweise betragt der organische Anteil an vorgenannten waBrigen BindemiueUosungen 10 bis 50 und besonders bevor- 
zull 20 bis 30Gew-%. Als organische Komponenten kommen dabei auch Monosacchande und Ohgosacchande wie 
Glucose, Fructose, Saccharose oder Lactose sowie Polyethylenoxide und Polyacrylate in Betracht 
[O^T Von Bedeutung ist, dass die HersteUung erfindungsgemaB geeigneter Schale ^ at ^^ 
Aufbringen der fertiggestellten, feingemahlenen aktiven Oxidmassen der allgemeinen Formel (I) auf die befeuchtete 

Kg* SSSXSSEEkiv™ Oxidmasse auch eine feinteilige Vorlaufermasse derselben auf diebcf^ch- 
le^Trageraterflache (unter Anwendung der gleichen Beschichtungsverfahren und Bindemittel) aufgebracht und die 
Calcination nach Trocknung des beschichteten Tragerkorpers durchgefuhrt werden .,„,...,. 
100731 Als dne solche feinteiUge Vorlaufermasse kommt z. B. diejenige Masse m Betracht, die dadurch erhalthch ist, 
Es man aus aen Snellen der elemenlaren Konstituenten der gewunschten aktiven Oxidmasse der allgemeinen Formel 
?rTzunLhs"ein ^^Shchst inniges, vorzugsweise feinteiliges, Trockengemisch erzeugt (z. B. durch Spruhtrocknung emer 
wa^rieen SusSon «Lr LoLg der Quellen) und dieses feinteilige Trockengemisch (gegebenenfaUs nach TabletUe- 
^ umer Zu£™ on 0 5 bis 2 g!w,% an feinteihgem Graphit) bei einer Temperatur von 150 bis 350°C, vorzugsweise 
25C fbis 350°C untlr oxidierender (Sauerstoff enthaltender) Atmosphare (z. B. unter Luft) thermisch behandelt (wemge 

Stunden^ und abschlieBend bei Bedarf einer Mahlung unierwirft. 

SBfl Nach dS Beschichtung der Tragerkorper mit der Vorlaufermasse wird dann *™^™£$$k££Z 
sphare (alle anderen Atmospharen kommen auch in Betracht) be, Temperaturen von 360 bis 700 C bzw. 400 bis 650 C 

r^sTselbSn^^ 

trusion und/oder Tablettierung sowohl von feinteiligerMultimetalloxidmasse I, als auch von feinteibger Vorlaufermasse 

l Zln^^S^^^^l «SW in derWl 1 bis 10 mm. Im Fall von Zylindern betragt denen 
1 an^e voreuBsweise 2 bis 10 mm undihr AuBendurchmesserbevorzugt 4bis 10 mm. ImFall von Rmgen hegtdie W*nd- 
£SiS^» bei 1 bis 4 mm. ErfindungsgemaB geeignete *#E££S?&S£ S 

rRLgeSffrito 8 gramm aufweisen (in dieser Schrift ™*^*%™"%»* P^ZT^O^] 
und kaufWeist, deren Scheitelpunkte bei den Beugungswmkeln (20) 22,2 ±0,4 (h), 27,3 ±0,4 (,) und 28,2 ± U,4 W 

liegen, wobei 

- der Beugungsreflex h innerhalb des Rontgendiffraktogramms der intensitatsstarkste ist, sowie eine Halbwerts- 

!T2SS^ffC!t-l-« i - * Pk dCS Beugungsreflexes k die Bezeichnung 

0,65 < R < 0,85 erfullen, in der R das durch die Formel 

R = Pi/(Pi + Pk) 

definierte Intensitatsverhaltnis ist, und ..^ 

- die Halbwertsbreite des Beugungsreflexes i und des Beugungsreflexes k jeweils < 1 betragt. 

(00791 Die Definition der Intensitat eines Beugungsreflexes im Rontgendiffrakiogramm bezieht sich in dieser Schrift 
S5S fa teSS W M JSSSe die in defol-A 100 51 419 und DE-A 100 46 672 niedergelegte De^- 
foOSOl D h bezeichnei A 1 den Scheitelpunkl eines Reflexes 1 und bezeichnet B l in der Lime des Rontgendiflrakto- 
bei vSEZi ertmt to zur 20- Achse senkrecht stehenden Intensitatsachse das nachsUiegende ausgepragte 
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Minimum (Reflexschultern ausweisende Minima bleiben unberUcksichdgt) links vom ^^taltC^^nS 
sorechender Weise das nachstliegende ausgepragte Minimum rechts vom Scheitelpunkt A undbezeichnet C den Punkt, 
£ 6 « e£e vom Scheitelpunkt A 1 senkrecht zur 26-Achse gezogene Gerade eine die Punkte B> ^^£SS 
rade schneidet dann ist die Intensitat des Reflexes 1 die Lange des Geradenabschmtts A C , der sich vom Scheitelpunkt 
fflSSS Der Ausdruck Minimum bedeutet dabei einen Punkt, an dem der Steigungsgrad.ent emer an 
Jie Ku^e"n einem Basisbereich des Reflexes 1 angelegten Tangente von einem negativen Wert auf einen positiven Wert 
ObeSfoder "ptXan dem der Steigungsfradient gegen Null geht, wobei fur die Festlegung des Ste.gungsgra- 
dienten die Koordinaten der 2G Achse und der Intensitatsachse herangezogen werdem 

l0081 l D ; e £S«^ 



S£f nSEJ "J Beugungsreflexen h, i und k enthalt das Rontgendiffraktogramm vorteilhafter erfind « WmaB zu 
v^endender Multimetalloxidmassen I in der Regel noch weilere Beugungsreflexe, deren Scheitelpunkte be. den nach- 



folgenden Beugungswinkeln (20) liegen 
9,0 ±0,4° (1), 
6,7 ± 0,4° (o) und 
20 7,9 ± 0,4° (p). 



25 



Sw] ' Gunstig ist es, wenn das Rontgendiffraktogramm der katalytisch aktiven Oxidmassen der ^gemeinen Formel 
(rTzusatzlich einen Beugungsreflex enthalt, dessen Scheitelpunkte bei folgendem Beugungswmkel (20) hegt. 

?M8S]° 'Haufig enthalt das Rontgendiffraktogramm von MultimetaUoxidaktivmassen (I) auch noch die Reflexe 

l^'t^te^X^ Oxidmasse der allgemeinen Formel (I) k-Phase, enthalt ihr ^dinTakto- 
gmmm in der Regel noch weiter Beugungsreflexe, deren Scheitelpunkte be, den nachfolgenden Beugungswinkeln (26) 
liegen: 

36,2 + 0,4° und 

30 S£S° Ordnet man dem Beugungsreflex h die Intensitat 100 zu, ist es erfindungsgemaB giinstig, wenn die Beugungs- 
reflexe i,U n, o, p, q in der gleichen Intensitatsskala die nachfolgenden Intensitaten aufweisen: 
i: 5 bis 95, hSufig 5 bis 80, teilweise 10 bis 60; 
1: 1 bis 30; 

35 m: 1 bis 40; 
n: 1 bis 40; 
o: 1 bis 30; 
p: 1 bis 30 und 

40 pmq Enthalt das Rontgendiffraktogramm von den vorgenannten zusatzlichen Beugungsreflexen, ist die Halbwerts- 

nSm^SZ ta&lrf* Rontgendiffraktogramm bezogenen Angaben beziehen sich auf ein unter Anwen- 
dunTvon Cu-Ka-Ttrahlung als Rontgenstrahlung erzeugtes Rontgendiffraktogramm ' ( S » em «f "D lff ^ l °^ 
TheiT 5 So K R6hrenspan 8 nun g: 40 kV, Rohrenstrom: 40 mA .Aperturblende VJ ^^^^OW^SSL^ 
(variabel), Sekundarmonochromatorblende (0,1 mm), Detektorblende (0,6 mm), MeBintervall (20). 0,02 , MeBzert je 

g^^fp^^^ » verwendenden Muldmetalloxidaktivmassen (1) betragt 

EysatS zlnTch" einem Reakdonsgasauslangsgemisch ausgesetzt, das einen erhohten Wasserdampfanterl, bezo- 
o^n auf pnthakenes ProDan aufweist (d. h., im Zusammensetzungsbereich A begt). _ , , .. 

Rl wS^ 

EweiE emem Rohrbundelreaktor, dessen Kontaktrohre mit dem Katalysator be^brckt smd. Urn <he Kontaktrohre 
wirdimNormalfall als Warmetrager eine Fliissigkeit, in der Regel ein Salzbad gefuhrt. ... ^wv,«t m m 

■0093? DaTReaktionsgasgemisch wird in den Kontaktrohren iiber den Reaktor betrachtet entweder m Oleichstrom 
E (Seensu^m zuSzbad gefuhrt. Das Salzbad selbst kann relativ zu den Kontaktrohren e.ne reme Parallelstro- 
SluS"eS2 kann dieser aber auch eine Querstromung uberlagert sein. 

& K^ntak^ohre auch eine maanderformige Stromung ausfuhren, die nur iiber den Reaktor betrachtet >ni Gleich- 

eansseemisch liegt haufig im Bereich von 100 bis 10000 Nl/1 • h, vielfach im Bereich 500 bis 5000 Nl/1 h. 

Wf Das ^eakflonsgLausgangsgemisch kann beim erfindungsgemaBen Verfahren der die Katalysatoren enthalten- 

lich aus AcrSe besteht. Vielmehr enthalt das Produktgasgemisch neben nicht umgesetztem Propan Nebenkompo- 
nen^e^TAc^lein, CO,, CO, H 2 Q, Essigsaure, Propionsaure etc., von denen dte Acrylsaure abgetrennt werden 
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100961 Da durch die erfindungsgemaBe Verfahrensweise sowohl die im Produktgasgemisch enthaltene Menge an Was- 
serdampf als auch die Nebenproduktbildung an Essig- und Propionsaure beschrankt wird, kann diese Abtrennung so er- 
foleen wie es von der heterogen katalysierlen Gasphasenoxidation von Propen zu Acrylsaure aUgemein bekannt ist. 
[0097] D. h., aus dem Produktgasgemisch kann die enthaltene Acrylsaure z. B. durch die Absorption nut einem hoch- 
siedenden inerten hydrophoben organischen Losungsmittel (z. B. einem Gemisch aus D.phenyledier und Diphyl das ge- 
gebenenfaUs noch Zusatze wie Dimethylphthalat enthalten kann) aufgenornmen werden Das dabei resuluerende Ge- 
mTsch aus Absorbens und Acrylsaure kin anschlieBend in an sich bekannter Weise rekt.fikaUv extrakuv und/oder kn- 
staltisativ bis zur Reinacrylsaure aufgearbeitel werden. Alternadv kann d,e Grundabtrennung Acryhaure aus dem 
Produktgasgemisch auch durch fraktionierte Kondensation erfolgen, wie es z. B. m der DE-A 199 24 532 beschneben 

[0098] Das dabei resultierende Acrylsaurekondensat kann dann z. B. durch fraktionierte Kristallisation (z. B. Suspen- 
sionskristallisauon und/oder Schichtkristallisation)weitergereinigt werden. . 
[0099] Das bei der Grundabtrennung der Acrylsaure verbleibende Restgasgenusch enthalt msbesondere mch _umge- 
setztes Propan und gegebenenfaUs nicht umgesetztes Propen. Dieses kann aus dem Restgasgemisch z.B. durch fratoo- 
nierte Druckrektifikation abgetrennt und anschUeBend in die erfindungsgemaBe Gasphasenox.dat.on rackgefuhrt wer- 
den Gunstiger ist es iedoch, das Restgas in einer Extraktionsvorrichtung nut einem hydrophoben orgamschen Losungs- 
SteVm Kontlkt zu oringen (z. B. durch selbiges durchleiten), dass das Propan und gegebenenfaUs Propen bevorzugt zu 

Sloo/TureTIJachfolgende Desorption und/oder Strippung mit Luft kann das absorbiene Propan und gegebenenfaUs 
Propen wieder freigeseUt und in das erfindungsgemaBe Verfahren ruckgefuhrt werden^ Auf diese We.se sind wirttchaft- 
licheGesamtpropanumsatze erzielbar. Selbstverstandlich kann d.e Acrylsaure aber auch nach der .n der DE- 
A 100 59 122 beschriebenen Verfahrensweise aus dem Produktgasgemisch abgetrennt werden. 

[0101] Bemerkenswert am erfindungsgemaBen Verfahren ist, daB es bei vermmdertem Wasserdampfbedarf hohe S>e- 

iS? "tZSSSSSSSSi^ zu verwendenden Multime^massen 1 ^J^gS 
z.B. kolloidalen, Materialien wie Siticiumdioxid, T.tandioxid, Alumimumox.d, Z.rkonoxid und N.oboxid verdunnter 
Form im erfindungsgemaBen Verfahren eingesetzt werden. ... r, . mR .^ h „ 

[0103 Das Verdunnungsmassenverhalmis kann dabei bis zu 9 (Verdunner) : 1 (Akuvmasse) bettagei, l D. h., mogUche 
VerdannunSmassenverhalmissebetragen z. B. 6 (Verdunner) : 1 (Aktivmasse) und 3 (Verdunner) : 1 (Akuvmasse . D.e 
EmaSuang d« Verdunner kann vor und/oder nach der Calcination erfolgen Erfolgt die E.narbeitung vor Wta- 
don muB dlr VerdUnner so gewahlt werden. daB er bei der Calcination als solches ,m wesentiichen erhalten ble.bt D.es 
ist z. B. im FaU von bei entsprechend hohen Temperaturen gebrannten Oxiden m der Regel gegeben. 
[0104] Beim erfindungsgemaBen Verfahren verbrauchte Katalysatoren konnen durch Beschicken mit sauerstoftTialt.- 
gen Gasen z B. Luft ode? an Sauerstoff entreicherte oder angereicherte Luft. denen auch Wasserdampf zugesetzt se.n 
kann, bei Temperaturen < Reaktionstemperatur mehrfach regenenert werden. 

Beispiele 

A) HersteUung eines erfindungsgemaB zu verwendenden MultimelaUoxid-I-Katalysators 

101051 In 44 6 1 Wasser wurden bei 80°C in einem Edelstahlbehalter unter Rtihren 1287,25 g Ammoniununetavanadat 
77?Gew -% ' v'oT ^TgTe., DE-Niimberg) gelost. Es entstand eine klare gelbUche Losung D.ese losung wurfe au f 
Sc abTekahlt 2 Sd dam. nacheinander in dlr genannten Reihenfolge unter Aufrechterhaltung der 60°C zu nachst 
?683,75l Tellursaure (99 Gew,% WTeOa, Fa. Fluka) und dann 5868,0 g ^^^T^^^^C 
Mo(U Fa Starckl eineeriihrt Es entstand eine tiefrote Losung A. In einem zwe.ten Edelstahlbehalter wurden be. 60 C 
^iSasse??^ (2L1 Gew-% Nb, Fa. Starck, DE-Goslar) zu einer Losung B gelost. Die 

beiden Losungen A und B wurden auf 30°C abgekuhlt und bei dieser Temperatur rmte.nander vereimgt, wobe, die Lo- 
sing B^de^sun^A eingenihrt wurde. Das EinrOhren erfolgte kontinuierlich innerhalb eines Ze.traums von 10 Mi- 
nuten. Es entstand eine orange gefarbte waBnge Suspension. ^ n _ 0 „ us n0<>c 

[0106] Diese Suspension wurde anschlieBend spruhgetrocknet (Tvortagebchsitcr - ^- \ - ^ ^> \„ aZ 

Trockiungsdauer 15 h Spruhlunn der Fa. Nipolosa). Das anfaUende Spriihgut war ebenfaUs orange gefarbt. In das 
S£ut STi Gew 1% feinteiliges Graphit (Siebanlayse: min. 50 Gew.-% < 24 pm, max. 10 Gew,% > 24 pm und 
< 48 pm, max. 5 Gew.-% > 48 pm, BET-Oberflache: 6 bis 1 3 m /g) emgemischt. 

[0107] Das resultierende Gemisch wurde zu Hohlzytindern (Rtngen) der Geometne 16 mm X 2,5 mm X 8 nun XAuBen 
durehmesserxHohexInnendurchmesser) so kompaktiert (verpreBt), daB dte resultrerende Seitendruckfesugke.t der 

miOS^OOE S'Ringe wurden in zwei Portionen zu jeweils 100 g nacheinander in einem Drehkugelofen gemaB 
calctaifn (Siarzg^kugel mit 1 Liter Innenvolumen; 1 = Ofengehause, 2 = Drehkolben 3 = behe.zter Raum 4 = 
StickstoffTuftetrom) Dazu wurde der Drehkugelofeninhalt unter einem Luftstrom von 50 Nl/h mit hnearer He.zrampe 
SeSJv^n 27 5 min "„ 25»C auf 275°C aufgeheizt und bei dieser Temperatur unter Aufrechterhaltung ; des Luft- 
«trTm\ fiir 1 h P ehalten AnschUeBend wurde innerhalb von 32,5 min. mit hnearer Heizrampe von 275 C auf 600 C auf- 
Sz^ob^dert^ Stickstoffstrom von 50 Nl/1 ersetzt wurde. Die 600°C und der Su ckstoffsu-om 

wureen ffir 2 h aufrechterhalten und der gesamte Ofen anschUeBend durch sich selbst iiberlassen unter Aufrechterhaltung 
Z Stictsroffs^oms ^ auf 25°C abklhlen lassen. Es resultierten schwarze Tabletten der Zusammensetzung 

Sl^fefSilS-Mahle wurden die Tabletten trocken auf eine KorngroBe < 100pm ^t^^Sw^ 
gemahlenen Materials wurden in 1500 ml einer 10 gew,%igen waBngen HNQj-Losung wahrend 7 h be. 70 W unter 
KuB geriihrt, der Feststoff aus der resultierenden Aufschlammung abfiltriert und nut Wasser mtratfre. gewaschen. 
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Der Filterkuchen wurde iiber Nacht unter Luft bei 110«C in einem Muffelofen getrocknet. Die resultierende Aktivmasse 

ST£ Snider Mvercugate innerhalb der Abrollstrecke aber unterhalb des Spruhkegels lag. Durch diepen- 
cSe ?WiSertofung von BenLung und Pulveraufdosierung wurde der grundbesctatchtete TYagerkorperm der darauf- 

ffi^SSSSS *22££ wurden die beschicbteten TVagerkorper wahrend 16 Sudden bei 120°C im 
KftlroXnschrank (Firma Binder, DE, Innenvolumen 53 1) getrocknet. Glycerin wurde durch eine s ch daran an- 
SSe zweSoi£ Wannebehandlung bei 15000 unter Luft entfernt. Es wurde ein erfindungsgemaB zu verwen- 
dender Schalenkatalysator S mit 20 Gew.-% Aktivmassenanteil erhalten. 

B) Durchfuhrung des erfindungsgemaBen Verfahrens und eines Vergleichsverfahrens 

101121 Jeweils 35 e von frisch hergestelltem Schalenkatalysator S wurden in einen Einzelrohrreaktor emgebaut (Robr- 
Se 140™ ^ InnenZcbmesser: 8,5 mm, AuBendurchmesser: 60 mm, V2A Stahl, KatalysaiorscbuttJange: 54,5 cm, 
zTsl^ch zum Anw^e?^ Reakt onsgasausgangsgemischs eine 30 cm lange VorschiHtung aus SteaUtkugeta der Fa. 

^ZnDurchmesser) weiterhin war das Reaktionsrohr mit den selben SteaUtkugeln nach der Katalysa- 
^T^elTSS^ dumb elektrische Heizmatten beheiz, wurde. Bei einer Mattentemperatur von 
350°C wurde der Schalenkatalysator an Luft in den Rohrreaktor emgebaut. Rohrreaktorkatalysa- 
nil *1 Danach wurden in vier voneinander unabhangigen Versuchen W, X, Y und Z vier frische KohrreaKtorKataiysa 
!SLg^wien748 h W einer Heizmattentempefatur von 350°C mit den nachfolgenden Reakuonsgasausgangsge- 

30 mischen W, X, Y und Zbeschickt: A ,- vl „ v n- 

W 3 3 Vol -% Propan, 10 Vol.-% 0 2 , 40 Vol.-% N 2 , 46,7 Vol.-% H 2 0, 
X- 3 3 Vol -% Propan, 10 Vol.-% Oi, 40 VoL-% N 2 , 46,7 Vol.-% H 2 0; 
Y 3 3 Vol -% Propan, 10 Vol.-% 0 2 , 70 Vol.-% N 2 , 16,7 Vol.-% H 2 0; 

40 tur): 

W (erfindungsgemaB): 

3,3 Vol.-% Propan, 10 VoL-% (h, 86,7 Vol.-% 
N 2 , 0 Vol. -% H 2 0, 
*Y = 390°C 

45 Umsatz an Propan bei einmaligem Reakiionsrohrdurchgang (Up): 25 mol-%, 

SeTektivitat der Acrylsaurebildung bei einmaligem ReakUonsrohrdurchgang: 50 mol-%. 

[0116] Z (Vergleich zu W): 

3,3 Vol.-% Propan, 10 Vol.-% 86,7 Vol.-% 

N 2 , 0 Vol.-% H 2 0, 
50 T M = 390°C, 

Up = 25 mol-%, 

S AS = 40 mol-%. 

[0117] X (erfindungsgemaB): 

3,3 Vol.-% Propan, 10 Vol.-% O2, 70 VoL-% 
55 N 2 , 16,7 Vol.-%H 2 0, 

T M = 370°C, 

Up = 25 mol-%, 

S AS = 70 mol-%. 

[0118] Y (Vergleich zu X): 
60 3,3 Vol.-% Propan, 10 Vol.-% O2, 70 Vol.-% 

N 2 , 16,7 Vol.-% H 2 0, 

T M = 385°C, 

Up = 25 mol-%, 

65 foU9] 5 °51e eSelten Ergebnisse weisen die Vorteilhaftigkeit der erfindungsgemaBen Verfahrensweise aus. 
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Patentanspriiche 

1 Verfahren zur HersteUung von Acrylsaure durch heterogen katalysierte Partialoxidation von Propan in der Gas- 
ohase bri demean ein Propan, molekularen Sauerstoff und wenigstens ein Verdiinnungsgas enihaltendes Reakt.- 
^^X^^fi^t* Temperatur iiber eine Multimeul.oxidmasse der allgememen Stoduometne I 5 

Mo 1 V b M 1 c M 2 d O n (I) 

mit 10 
5f = wenTgteSes der Elemente aus der Gruppe umfassend Nb, Ta, W. Ti, Al, Zr, Cr, Mn, Ga, Fe, Ru, Co, Rh, 
Ni, Pd, Pt, La, Bi, B, Ce, Sn, Zn, Si und In, 
b = 0,01 bis 1, 

c = >0bisl, l5 
t = eine^hldt durch die Wertigkeit und Haufigkeit der von Sauerstoff verschiedenen Elemente in (I) bestimml 
wird, 



w£ und dabei das Propan partieU zu Acrylsaure oxidiert, dadurch gekennzeichnet, daB die Zusammensetzung 
S Si?nsgarusgangsgenusches wahrend der Durchfuhrung des Verfahrens wenigstens emmal so geandert 
wfrd daB der ta ReXoLg asausgangsgemisch, bezogen auf die im Reaktionsgasausgangsgemisch enthallene mc 

2 n VerfE r n^h Anspruch 1, dadurch gekennzeichnet, daB im Reaktionsgasausgangsgemisch vor der Anderung 

seiner Zusammensetzung folgende molaren Verhaltnisse yorbegen: 

Prooan • Sauerstoff ■ H?0 : sonstige VerdUnnungsgase = 1 : (0,1-10) : (0,1-50) . (U-5U). 

rCan^rnlchAnspruch 1 ode^, dadurch glkennzeichnet, daB imReaktionsgasausgangsgem.sch nach der An- 
derung seiner Zusammensetzung folgende molaren Verhatmsse voriiegen: 
Pronan ■ Sauerstoff ■ H,0 : sonstige VerdUnnungsgase = 1 : (0,1-10) : (0-30) . (1>-JU). 

der Ans^ruche 1 bis 3, dadurch gekenn^ichne^ R^nstemperatur vor der An- 
derung der Zusammensetzung des Reaktionsgasausgangsgemisches 250 bis 550 C betragt. 



Hierzu 1 Seite(n) Zeichnungen 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



11 




BIST AVAILABLE COPY 



Mummer DE 101 22 027 A1 

ZEICHNUNGEN SEITE 1 W ^.c"! C 07 C 57*5 

Offenlegungstag: 23. Mai 2002 




102 210/851 



BASF Aktiengesellschaf t 20010366 O.Z, 0050/52445 DE 




Preparation of acrylic acid by heterogeneously catalyzed partial 
oxidation of propane 

5" The present invention relates to a process for the preparation of 
acrylic acid by heterogeneously catalyzed partial oxidation of 
.propane in the gas phase, in which a reaction gas starting 
mixture containing propane, molecular oxygen and at least one 
diluent gas is passed at elevated temperatures over a multimetal 
10 oxide material having the stoichiometry I 



MOiVbMicJyPaOn (I) , 

where 

15 

M 1 is Te and/ or Sb, 

M 2 is at least one of the elements from the group consisting of 
Nb, Ta, W, Ti, Al , Zr, Cr , Mn, Ga, Fe , Ru, Co, Rh, Ni , Pd, 
Pt, La, Bi, B, Ce, Sn, Zn, Si and In, 
20 b is from 0.01 to 1, 

c is from > 0 to 1 , 

d is from > 0 to 1 and 

n is a number which is determined by the valency and frequency 
of the elements other than oxygen in (I) , 

25 

and the propane is thereby partially oxidized to acrylic acid. 

Processes for the preparation of acrylic acid, a monomer 
important for the preparation of polymers, by heterogeneously 
30 catalyzed partial oxidation of propane over multimetal oxide 

materials having the stoichiometry I are generally known (cf . for 
example DE-A 10119933, DE-A 10051419, DE-A 10046672, 
DE-A 10033121, EP-A 962253, EP-A 895809, DE-A 19835247, 
EP-A 608838, WO 00/29105 and WO 00/29106). 

35 

A common feature of the prior art (cf . for example EP-B 608838, 
page 4, lines 39/40) and the results obtained therein is that the 
presence of significant amounts of steam in the reaction gas 
starting mixture is advantageous both for the catalyst activity 
40 and for the selectivity with respect to the acrylic acid 
formation . 



45 



However, the disadvantage of this procedure recommended in the 
prior art is that the processes from the gas-phase catalytic 
oxidative preparation of acrylic acid give not pure acrylic acid 
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but a product mixture from which the acrylic acid has to -be 
separated off. 

Typically, the product gas mixture of a heterogeneously catalyzed 
5 "gas-phase partial oxidation of propane to acrylic acid contains, 
in addition to unconverted propane, secondary components such as 
.propene, acrolein, CO2 , CO, acetic acid and propionic acid, as 
well as the components present as diluent gases, e.g. steam, from 
which the acrylic acid has to be separated off in order to obtain 
10 the pure product. 

Owing to the pronounced affinity of acrylic acid to water (the 
superabsorbers used in babies' diapers are polymers based on 
acrylic acid) , the abovementioned separation task is all the more 
15 complicated the larger the amount of steam which was present as 
diluent gas in the gas-phase oxidation. 

The presence of large amounts of steam also promotes the 
undesired formation of propionic acid as a byproduct, which, 
20 owing to its similarity to acrylic acid, can be separated from 
the latter only with extreme difficulty. 

A process for the heterogeneously catalyzed partial oxidation of 
propane to acrylic acid which requires the presence of steam as a 
25 diluent gas only in a small amount, if at all, and in which the 
catalyst activity and the selectivity with respect to the acrylic 
acid formation are nevertheless satisfactory would therefore be 
preferable . 

30 Accordingly, we have found a process for the preparation of 

acrylic acid by heterogeneously catalyzed partial oxidation of 
propane in the gas phase, in which a reaction gas starting 
mixture containing propane, molecular oxygen and at least one 
diluent gas is passed at elevated temperatures over a multimetal 

35 oxide material having the stoichiometry I 

Mo 1 V b M 1 c M 2 d O n (I) / 

where 

40 

M 1 is Te and/ or Sb, 

M 2 is at least one of the elements from the group consisting of 
Nb, Ta, W, Ti, Al, Zr, Cr , Mn, Ga, Fe, Ru, Co, Rh, Ni , Pd, 
Pt, La, Bi, B, Ce, Sn, Zn, Si and In, 
45 b is from 0.01 to 1, 

c is from > 0 to 1 , 

d is from > 0 to 1 and 
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n is a number which is determined by the valency and frequency 
of the elements other than oxygen in (I) , 

and the propane is thereby partially oxidized to acrylic acid, 
5 "wherein the composition of the reaction gas starting mixture is 
changed at least once while the process is being carried out, in 
-such a way that the molar proportion of the diluent gas steam 
contained in the reaction gas starting mixture before the change 
and relative to the molar amount of propane contained in the 
10 reaction gas starting mixture is lower after the change. 

The novel procedure is based on the surprising finding that 
multimetal oxide materials having the stoichiometry I 
substantially retained their ability to form acrylic acid with 

15 high activity and selectivity in the catalytic gas-phase 

oxidation of propane to acrylic acid in the presence of large 
amounts of steam as diluent gas if first a specific proportion of 
steam is present in the reaction gas starting mixture for a 
specific operating time, based on propane contained in the 

20 reaction gas starting mixture, and this proportion is then 

reduced, i.e. the heterogeneously catalyzed gas-phase oxidation 
of propane under otherwise unchanged operating conditions takes 
place with higher selectivity with respect to the acrylic acid 
formation even after the reduction of the proportion of steam in 

25 the reaction gas starting mixture than if the heterogeneously 
catalyzed gas-phase oxidation were to have been carried out 
continuously with the lower proportion of steam in the reaction 
gas starting mixture. This statement is also true when the 
reduction in the proportion of steam is carried out to such an 

30 extent that the reaction gas starting mixture no longer contains 
any steam after the reduction. 

In the novel process, the reduction in the proportion of steam is 
usually at least partly compensated by increasing the proportion 

35 of diluent gases other than steam which are present in the novel 
process. However, the compensation can also be omitted. Such 
other diluent gases are in particular molecular nitrogen, oxides 
of carbon, such as CO and C0 2 , as well as noble gases, such as He 
or Ar. Propane itself is also suitable as a diluent gas. In this 

40 case, the propane is used in the novel process in a 

superstoichiometric amount, based on the amount of molecular 
oxygen used. 



45 
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Usually, mixtures of the abovementioned diluent gases are used. 
They are usually inert in the novel process, i.e. they undergo 
substantially no chemical change when the novel process is 
carried out. 

5" 

In the novel procedure, the molar reduction in the proportion of 
- steam can of course also be completely compensated or even 
overcompensated by an equivalent increase in the molar proportion 
of inert diluent gases other than steam. In the novel process, 
10 molecular nitrogen is expediently used as a steam substitute. 

As a rule, the novel process is carried out at reaction 
temperatures of, for example, 200 to 550°C or from 230 to 480°C or 
from 3 00 to 440°C. In the novel process, the temperature before 
15 and after the reduction in the proportion of steam can of course 
be the same. However, it may also be lower or higher after the 
reduction in the proportion of steam than before the reduction in 
the proportion of steam. 

20 The operating pressure (absolute) in the novel process may be 
1 atm, less than 1 atm or more than 1 atm. Operating pressures 
typical according to the invention are from 1.5 to 10, frequently 
from 1.5 to 4, bar. The operating pressure may be either kept 
constant or varied during the novel process, i.e. the operating 

25 pressure may be higher or lower before the novel reduction in the 
proportion of steam than thereafter. 

In the novel process, the change, required according to the 
invention, in the composition of the reaction gas starting 
30 mixture can of course also be carried out, for example, 

periodically several times in succession, i.e. after a specific 
operating time with a reduced proportion of steam, the proportion 
of steam in the reaction gas starting mixture can be increased 
again for a specific time and then reduced again, etc. 



Pure oxygen, air or air enriched in oxygen or depleted in oxygen 
may be used as an oxygen source for the novel process. 

The propane to be used for the novel process does not have to 
40 meet any particularly high requirements with regard to its 

purity. Propane containing propene as an impurity may also be 
used for the novel process. Typically, the composition of the 
reaction gas starting mixture for the novel process is within the 
following range (molar ratios) : 



35 



45 
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Propane : oxygen : H 2 0 : other diluent gases = 
1 : (0.1-10) : (0-50) : (0-50) . 

The abovementioned ratio is preferably 1: (0.5-5) : (1-30) : (0-30) . 

5" 

According to the invention, the abovementioned ratio is 
-expediently in the range A = 1 : ( 0 . 1-10 ):( 0 . 1-50 ):( 0-50 ) before 
the reduction in the proportion of steam and in the range B = 1 : 
(0 .1-10) : (0-30) : (0-30) after the reduction in the proportion of 
10 steam. 



According to the invention, the range A preferably comprises the 
molar ratios 1 : (0 . 5-5) : (2-30) : (0-30) and the range B the molar 
ratios 1 : ( 0 . 5-5 ) : ( 0-2 0 ) : ( 0-3 0 ) . 

15 

The abovementioned ranges apply in particular when predominantly 
molecular nitrogen is used as other diluent gases. The reaction 
temperature in the novel process is expediently from 250 to 550°C 
during the use of the composition range A for the reaction gas 
20 starting mixture and is expediently likewise from 250 to 550°C 
during the use of the composition range B for said mixture. 

Otherwise, the novel process can be carried out in the same way 
as the procedures described in the prior art evaluated, i.e. the 
25 catalyst bed may be a fixed bed, a moving bed or a fluidized bed. 

The multimetal oxide materials I to be used according to the 
invention can be employed either as such (for example after 
comminution to give a powder or chips) or in the form of moldings 
30 for the novel process. 

The preparation of multimetal oxide materials I suitable for the 
novel process is described in the prior art evaluated at the 
outset. Depending on the preparation process used, the structure 
35 of the resulting multimetal oxide tends to be amorphous (as 
described, for example, in WO 00/29105 and in WO 00/29106) or 
tends to be crystalline (as described, for example, in 
EP-A 608838, EP-A 962253, EP-A 895809 and DE-A 19835247). 

40 The preparation is carried out as a rule by producing a very 
intimate, preferably finely divided dry blend at atmospheric 
pressure (1 atm) from sources (starting compounds) of the 
elemental constituents of the multimetal oxide material and then 
converting said dry blend into an active oxide by thermal 

45 treatment under an oxidizing (e.g. air), reducing or inert (e.g. 
N2) atmosphere or an atmosphere under reduced pressure. However, 
the multimetal oxide materials I of DE-A 10033121 which are 
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prepared by a hydro thermal method can of course also be used for 
the novel process. 

The shaping of the multimetal oxide materials I to give catalyst 
5" moldings suitable for the novel process can be effected, for 
example, as described in DE-A 10118814 and in DE-A 10119933. 

According to the invention, preferably used multimetal oxide 
materials I are those in which M 1 is Te . Furthermore, those 

10 multimetal oxide materials I in which M 2 is Nb, Ta, W and/or Ti 
are advantageous for the novel process. Preferably, M 2 is Nb. The 
stoichiometric coefficient b of the multimetal oxide active 
materials I to be used according to the invention is 
advantageously from 0 . 1 to 0 . 6 . In a corresponding manner, the 

15 preferred range for the stoichiometric coefficient c is from 0.01 
to 1 or from 0.05 to 0.4 and advantageous values for d are from 
0.01 to 1 or from 0.1 to 0.6. Particularly advantageous 
multimetal oxide materials I to be used according to the 
invention are those in which the stoichiometric coefficients b, c 

20 and d are simultaneously in the abovementioned preferred ranges. 
Further suitable stoichiometries according to the invention are 
those which are disclosed in the documents of the prior art cited 
at the outset. 

25 Furthermore, those multimetal oxide materials I whose X-ray 

diffraction pattern has reflections h and i whose peaks are at 
the diffraction angles (20) 22.2 ± 0.5° (h) and 27.3 ± 0.5° (i) 
are preferably used for the novel process. The half -width of 
these reflections may be very small or even very pronounced. 

30 

Multimetal oxide materials I whose X-ray diffraction pattern has 
a reflection k whose peak is at 28.2 ± 0.5° (k) in addition to the 
reflections h and i are particularly preferred for the novel 
process. 



Preferred according to the invention among the latter in turn are 
those in which the reflection h is the most intense reflection 
within the X-ray diffraction pattern and has a half-width of not 
more than 0.5°, the half -widths of the reflection i and of the 
40 reflection k are simultaneously each < 1° and the intensity P k of 
the reflection k and the intensity Pi of the reflection i fulfill 
the relationship 0.65 < R < 0.85, where R is the intensity ratio 
defined by the formula 



35 



45 



R = Pi/ (Pi + p k ) 
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The X-ray diffraction pattern of these multimetal oxides I 
preferably has no reflection whose maximum is at 29 = 50 ± 0 . 3° . 

Among these multimetal oxide materials I in turn, those for which 
5 " 0.67 < R < 0.75 and very particularly preferably those for which 
is from 0.70 to 0.75 or R is 0.72 are true are advantageous for 
-the novel process. 

The preparation of multimetal oxide materials I which have a 
10 reflection i and a reflection k having a half-width of < 1° and 

which simultaneously fulfill the relationship 0.65 < R < 0.85 and 
may have no reflection whose maximum is at 26 = 50 ± 0.3° can be 
carried out as described in DE-A 10118814 and DE-A 10119933. 

15 Multimetal oxide materials I are used whose reflection i shows 

that they contain the i-phase. Another crystalline phase in which 
multimetal oxide materials I can occur is, for example, the 
k-phase. It is evident from the presence of the reflections h and 
k and from the presence of a reflection having a maximum position 

20 at 50 ± 0.3°. 

A specific process for the preparation of multimetal oxide 
materials I which are to be used according to the invention and 
in which the proportion of the i-phase is dominant is disclosed, 

25 for example, in JP-A 11-43314, DE-A 10118814, DE-A 10119933 and 
the prior application DE-A 10046672, in which the relevant 
multimetal oxide materials I are recommended as catalysts for the 
heterogeneously catalyzed oxydehydrogenation of ethane to 
ethylene and as catalysts for the heterogeneously catalyzed 

30 gas-phase oxidation of propane or propene to acrylic acid. 

According to this, a multimetal oxide material which has the 
stoichiometry (I) and is a mixture of i-phase and other phases 
(e.g. k-phase) is first produced in a manner known per se and 

35 disclosed in most of the prior art publications cited (for 
example also as described in the prior application 
DE-A 10033121) . In this mixture the proportion of i-phase can 
then be increased, for example, by removing the other phases, for 
example k-phase, under a microscope or washing the multimetal 

40 oxide active material with suitable liquids. Suitable liquids of 
this type are, for example, aqueous solutions of organic acids 
(e.g. oxalic acid, formic acid, acetic acid, citric acid and 
tartaric acid), inorganic acids (e.g. nitric acid), alcohols and 
aqueous hydrogen peroxide solutions. Furthermore, JP-A 7-232071 

45 also discloses a process for the preparation of multimetal oxide 
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materials I to be used according to the invention and having a 
pronounced proportion of i-phase. 

In a less systematic" manner, mul timet al oxide materials I to be 
5 "used according to the invention and having a pronounced 

proportion of i-phase are obtainable by the preparation method 
.published in DE-A 19835247. According to this, a very intimate, 
preferably finely divided, dry blend is produced from suitable 
sources of their elemental constituents and said dry blend is 

10 subjected to a thermal treatment at from 350 to 700°C or from 400 
to 650°C or from 400 to 600°C. The thermal treatment can be 
effected in principle under an oxidizing, reducing or inert 
atmosphere. A suitable oxidizing atmosphere is, for example, air, 
air enriched in molecular oxygen or air depleted in oxygen. The 

15 thermal treatment is preferably carried out under an inert 

atmosphere, for example under molecular nitrogen and/or noble 
gas. Usually, the thermal treatment is carried out at atmospheric 
pressure (1 atm) . Of course, the thermal treatment can also be 
carried out under reduced or superatmospheric pressure. 

20 

If the thermal treatment is carried out under a gaseous 
atmosphere, this may be either stationary or flowing. Altogether, 
the thermal treatment may take up to 24 hours or more. 

25 The thermal treatment is preferably first carried out under an 
oxidizing (oxygen-containing) atmosphere (e.g. under air) from 
150 to 400°C or from 250 to 350°C. The thermal treatment is then 
expediently continued under an inert gas at from 3 50 to 700°C or 
from 400 to 650°C or from 400 to 600°C. Of course, the thermal 

30 treatment can also be effected in such a way that the catalyst 
precursor material is first tableted (if required after being 
powdered, and, if required, with addition of from 0.5 to 2% by 
weight of finely divided graphite) before its thermal treatment 
and is then subjected to the thermal treatment and subsequently 

35 converted into chips. 

The thorough mixing of the starting compounds in the preparation 
of multimetal oxide materials I to be used according to the 
invention can be effected very generally in dry or in wet form. 
40 If it is effected in dry form, the starting compounds are 

expediently used in the form of finely divided powder and, after 
mixing and, if required, compaction, are subjected to calcination 
(thermal treatment) . 



45 Preferably, however, the thorough mixing is effected in wet form. 
Usually, the starting compounds are mixed with one another in the 
form of an aqueous solution and/or suspension. The aqueous 
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material is then dried and is calcined after the drying. The 
aqueous material is expediently an aqueous solution or an aqueous 
suspension. The drying process is preferably carried out 
immediately after the preparation of the aqueous mixture and by 
5" spray-drying (the outlet temperatures are as a rule from 100 to 
150°C; the spray drying can be carried out by the cocurrent or 
* countercurrent method) , which requires a particularly intimate 
dry blend, especially when the aqueous material to be spray-dried 
is an aqueous solution. 

10 

Suitable sources of the elemental constituents when carrying out 
the preparation of multimetal oxide materials I to be used 
according to the invention are all those which are capable of 
forming oxides and/or hydroxides on heating (if necessary in 
15 air) . Of course, oxides and/or hydroxides of the elemental 

constituents may also be concomitantly or exclusively used as 
such starting compounds. 

Sources of the element Mo which are suitable according to the 
20 invention are, for example, molybdenum oxides, such as molybdenum 
trioxide, molybdates , such as ammonium heptamolybdate 
tetrahydrate and molybdenum halides, such as molybdenum chloride. 

Suitable starting compounds of the element V which are 
25 concomitantly used according to the invention are, for example, 
vanadyl acetylacetonate, vanadates, such as ammonium 
metavanadate, vanadium oxides, such as vanadium pentoxide (V 2 0 5 ) , 
vanadium halides, such as vanadium tetrachloride (VC1 4 ) , and 
vanadium oxyhalides, such as V0C1 3 . Other vanadium starting 
30 compounds which may be concomitantly used are those which contain 
vanadium in the oxidation state +4. 

Suitable sources of the element tellurium according to the 
invention are tellurium oxides, such as tellurium dioxide, 
35 metallic tellurium, tellurium halides, such as TeCl 2 , and also 
telluric acids, such as orthotelluric acid H 6 TeOe . 

Advantageous antimony starting compounds are antimony halides, 
such as SbCl 3 , antimony oxides, such as antimony trioxide (Sb 2 0 3 ), 
40 antimonic acids, such as HSb(OH) 6 , and also antimony oxide salts, 
such as antimony oxide sulfate (SbO) 2 S0 4 . 

Niobium sources suitable according to the invention are, for 
example, niobium oxides, such as niobium pentoxide (Nb 2 O s ) , 
45 niobium oxyhalides, such as NbOCl 3 , niobium halides, such as 
NbCIs, and also complex compounds of niobium and organic 
carboxylic acids and/or dicarboxylic acids, e.g. oxalates and 
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alcoholates. The Nb-containing solutions used in EP-A 895 809 are 
of course also suitable as a niobium source. 

Regarding all other possible elements M 2 , starting compounds which 
5" are particularly suitable according to the invention are the 
halides, nitrates, formates, oxalates, acetates, carbonates 
, and/ or hydroxides. Suitable starting compounds are often also 
their oxo compounds, for example tungstates or the acids derived 
therefrom. Ammonium salts are also frequently used as starting 
10 compounds . 

Other suitable starting compounds for the preparation of the 
novel multimetal oxide materials I are polyanions of the Anderson 
type, as described, for example, in Polyhedron 6 No. 2 (1987), 
15 213-218. A further suitable literature source for polyanions of 
the Anderson type is Kinetics and Catalysis 40 No. 3 (1999), 401 
to 404. 

Other polyanions suitable as starting compounds are, for example, 
20 those of the Dawson or Keggin type. According to the invention, 
those starting compounds which are converted into their oxides at 
elevated temperatures, either in the presence or in the absence 
of oxygen, possibly with liberation of gaseous compounds, are 
preferred . 

25 

The multimetal oxide materials I obtainable in the manner 
described and to be used according to the invention can be used 
as such [for example in the form of a powder or after tableting 
of the powder (frequently with addition of from 0.5 to 2% by 
30 weight of finely divided graphite) and subsequent conversion into 
chips] or in the form of moldings for the novel process. 

The shaping to give moldings can be effected, for example, by 
application to a support, as described in the prior application 
35 DE-A 10051419. 

The supports to be employed for the multimetal oxide materials I 
to be used according to the invention are preferably chemically 
inert, i.e. they substantially do not participate in the course 
40 of the catalytic gas-phase oxidation of propane to acrylic acid, 
which is catalyzed by the multimetal oxide material to be used 
according to the invention. 



45 
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According to the invention, particularly suitable materials for 
the supports are alumina, silica, silicates, such as clay, 
kaolin, steatite, pumice, aluminum silicate and magnesium 
silicate, silicon carbide, zirconium dioxide and thorium dioxide. 

The surface of the support may be either smooth or rough. The 
- surface of the support is advantageously rough since pronounced 
surface roughness generally results in greater adhesive strength 
of the applied active material coat. 

Frequently, the surface roughness R 2 of the support is from 5 to 
200 nm, often from 20 to 100 \xm (determined according to DIN 4768, 
Sheet 1 for using a Hommel tester for DIN-ISO measured surface 
variables, from Homme lwerke, Germany) . 



Furthermore, the support material may be porous or nonporous . The 
support material is expediently nonporous (total volume of the 
pores < 1% by volume, based on the volume of the support) . 

20 The thickness of the active oxide material coat present on the 

novel coated catalysts is usually from 10 to 1 000 |xm. However, it 
may also be from 50 to 700 pm, from 100 to 600 \xm or from 150 to 
400 nm. Possible coat thicknesses are also from 10 to 500 ^m, from 
100 to 500 ^m or from 150 to 300 \*m. 

25 

In principle, any desired geometries of the supports are suitable 
for the novel process. Their longest dimension is as a rule from 
1 to 10 mm. However, spheres or cylinders, in particular hollow 
cylinders, are preferably used as supports. Advantageous 

30 diameters for the spherical supports are from 1 . 5 to 4 mm. If 

cylinders are used as supports, their length is preferably from 2 
to 10 mm and their external diameter preferably from 4 to 10 mm. 
In the case of rings, the wall thickness is moreover usually from 
1 to 4 mm. Annular supports suitable according to the invention 

35 may also have a length of from 3 to 6 mm, an external diameter of 
from 4 to 8 mm and a wall thickness of from 1 to 2 mm. However, 
annular supports may also have a geometry of 7 mm x 3 mm x 4 mm 
or of 5mmx3mmx2mm (external diameter x length x internal 
diameter) . 

40 

The preparation of coated catalysts to be used according to the 
invention can be carried out in a very simple manner by 
preforming active oxide materials of the formula (I), converting 
them into a finely divided form and finally applying them to the 
45 surface of the support with the aid of a liquid binder. For this 
purpose, the surface of the support is moistened in a very simple 
manner with the liquid binder and a coat of the active material 



15 
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is caused to adhere to the moistened surface by bringing into 
contact with the finely divided active oxide material of the 
formula (I) . Finally, the coated support is dried. In order to 
obtain a greater coat thickness, the process can of course be 
"repeated periodically. In this case, the coated parent body 
becomes the new support, etc. 



The fineness of the catalytically active oxide material of the 
formula (I) which is to be applied to the surface of the support 

10 is of course adapted to the desired coat thickness. For the coat 
thickness range of from 100 to 500 \Jun, for example, suitable 
active material powders are those in which at least 50% of the 
total number of powder particles pass through a sieve having a 
mesh size of from 1 to 20 [im and whose numerical proportion of 

15 particles having a longest dimension above 50 \xra is less than 10% 
As a rule, the distribution of the longest dimensions of the 
powder particles corresponds to a Gaussian distribution as a 
result of the preparation. Frequently, the particle size 
distribution is as follows: 

20 
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Here : 



D = Diameter of the particle, 
35 x = the percentage of particles whose diameter is > D 
and 

y = the percentage of particles whose diameter is < D. 

For carrying out the coating process described on an industrial 
40 scale, the use of, for example, the principle disclosed in 

DE-A 2909671 and of that disclosed in DE-A 10051419 is advisable, 
i.e. the supports to be coated are initially taken in a 
preferably inclined (the angle of inclination is as a rule > 0° 
and < 90°, in general > 3 0° and < 90°; the angle of inclination is 
45 the angle of the center of axis of the rotating container 
relative to the horizontal) rotating container (for example 
rotating pan or coating drum) . The rotating container transports 
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the supports, for example spherical or cylindrical ones, under 
two metering apparatuses arranged one after the other a specific 
distance apart. The first of the two metering apparatuses 
expediently corresponds to a nozzle (for example an atomizer 
5 "nozzle operated using compressed air) , through which the supports 
rolling in the rotating pan are sprayed with liquid binder and 
-are moistened in a controlled manner. The second metering 
apparatus is located outside the atomization cone of the liquid 
binder sprayed in and serves for feeding in the finely divided 

10 oxidic active material (for example via a vibrating conveyor or a 
powder screw) . The support spheres moistened in a controlled 
manner take up the active material powder fed in, which is 
compacted by the rolling movement on the outer surface of the 
support, for example a cylindrical or spherical one, to give a 

15 cohesive coat. 

If required, the support provided with a base coat in this manner 
again passes the spray nozzles in the course of the subsequent 
revolution, is moistened thereby in a controlled manner in order 
20 to be able to take up a further coat of finely divided oxidic 
active material in the course of the further movement, etc. 
(intermediate drying is as a rule not necessary) . Finely divided 
oxidic active material and liquid binder are generally fed in 
continuously and simultaneously. 

25 

The removal of the liquid binder can be effected after coating is 
complete, for example by the action of hot gases, such as N 2 or 
air. It is noteworthy that the coating process described results 
in completely satisfactory adhesion of both the successive coats 
30 to one another and of the base coat to the surface of the 
support . 

It is important for the coating method described above that the 
moistening of the support surface to be coated is carried out in 

35 a controlled manner. Briefly, this means that the support surface 
is expediently moistened in such a way that, although it has 
adsorbed liquid binder, no liquid phase as such is visible on the 
support surface. If the support surface is too moist, the finely 
divided catalytically active oxide material agglomerates to form 

40 separate agglomerates instead of being adsorbed onto the surface. 
Detailed information in this context is to be found in 
DE-A 2909671 and DE-A 10051419. 

The abovementioned final removal of the liquid binder used can be 
45 carried out in a controlled manner, for example by evaporation 

and/or sublimation. In the simplest case, this can be effected by 
the action of hot gases of corresponding temperature (frequently 
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from 50 to 3 00°C, often 150°C) . However, only preliminary drying 
can be effected by the action of hot gases. The final drying can 
then be carried out, for example, in a drying oven of any desired 
design (for example a belt drier) or in the reactor. The 
5" temperature acting should not be above the calcination 
temperature used for the preparation of the oxidic active 
, material. Of course, the drying can also be carried out 
exclusively in a drying oven. 

10 Regardless of the type and geometry of the support, the following 
may be used as binders for the coating process: water, monohydric 
alcohols, such as ethanol , methanol, propanol and butanol , 
polyhydric alcohols, such as ethylene glycol, 1 , 4-butanediol , 
1 , 6-hexanediol or glycerol, monobasic or polybasic organic 

15 carboxylic acids, such as propionic acid, oxalic acid, malonic 
acid, glutaric acid or maleic acid, amino alcohols, such as 
ethanolamine or diethanolamine , and mono functional or 
polyf unctional organic amides, such as formamide. Other 
advantageous binders are solutions consisting of from 20 to 90% 

20 by weight of water and from 10 to 80% by weight of an organic 
compound which is dissolved in water and whose boiling point or 
sublimation temperature at atmospheric pressure (1 atm) is 
> 100°C, preferably > 150°C. The organic compound is 
advantageously selected from the abovementioned list of possible 

25 organic binders. The organic content of abovementioned aqueous 
binder solutions is preferably from 10 to 50, particularly 
preferably from 2 0 to 30, % by weight. Other suitable organic 
components are monosaccharides and oligosaccharides, such as 
glucose, fructose, sucrose or lactose, and polyethylene oxides 

30 and polyacrylates . 

What is important is that the preparation of coated catalysts 
suitable according to the invention can be carried out not only 
by applying the prepared, finely milled active oxide materials of 
35 the formula (I) to the moistened support surface. 

Rather, instead of the active oxide material, a finely divided 
precursor material thereof can also be applied to the moistened 
support surface (using the same coating process and binder) and 
40 the calcination can be carried out after drying of the coated 
support . 

A suitable finely divided precursor material of this type is, for 
example, that material which is obtainable by first producing a 
45 very intimate, preferably finely divided, dry blend from the 

sources of the elemental constituents of the desired active oxide 
material of the formula (I)' (for example by spray-drying an 
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aqueous suspension or solution of the sources) and subjecting 
this finely divided dry blend (if necessary after tableting with 
addition of from 0.5 to 2% by weight of finely divided graphite) 
to a thermal treatment for a few hours at from 150 to 350°C, 
5- preferably from 250 to 350°C / under an oxidizing 

(oxygen-containing) atmosphere (e.g. under air) and finally, if 
_ required, subjecting it to milling. 

After the coating of the supports with the precursor material, 
10 calcination is then effected, preferably under an inert gas 

atmosphere (all other atmospheres are also suitable) , at from 3 60 
to 700°C or from 400 to 650°C or from 400 to 600°C. 

Of course, the shaping of multimetal oxide materials (I) which 
15 may be used according to the invention can also be effected by 
extrusion and/or tableting of both finely divided multimetal 
oxide materials (I) and finely divided precursor material of a 
multimetal oxide material (I) . 

20 Suitable geometries are spheres, solid cylinders and hollow 

cylinders (rings) . The longest dimension of the abovementioned 
geometries is as a rule from 1 to 10 mm. In the case of 
cylinders, their length is preferably from 2 to 10 mm and their 
external diameter preferably from 4 to 10 mm. In the case of 

25 rings, the wall thickness is moreover usually from 1 to 4 mm. 

Annular unsupported catalysts suitable according to the invention 
may also have a length of from 3 to 6 mm, an external diameter of 
from 4 to 8 mm and a wall thickness of from 1 to 2 mm. However, 
annular unsupported catalysts may also have a geometry of 

30 7mmx3mmx4mmorof5 mm x 3 mm x 2 mm (external diameter x 
length x internal diameter) . 

Suitable geometries of the multimetal oxide materials (I) to be 
used for the novel process are of course also all those in 
35 DE-A 10101695. 

It is essential according to the invention that multimetal oxide 
materials (I) preferably to be used according to the invention 
have an X-ray diffraction pattern (in this document, always based 
40 on CuK a radiation) which has reflections h, i and k whose peaks 
are at the diffraction angles (29) 22.2 ± 0.4° (h) , 27.3 ± 0.4° 
(i) and 28.2 ± 0.4° (k) , 

the reflection h being the most intense reflection within the 
45 X-ray diffraction pattern and having a half-width of not more 

than 0.5°, 
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the intensity Pi of the reflection i and the intensity P k of 
the reflection k fulfilling the relationship 0.65 < R < 0.85, 
where R is the intensity ratio defined by the formula 



5" 



R = Pi/ (Pi + P k ) 



and 



10 



the half-width of the reflection i and that of the reflection 
k each being < 1°. 



In this document, the definition of the intensity of a reflection 
in the X-ray diffraction pattern is based on the definition set 
out in DE-A 19835247, in DE-A 10051419 and in DE-A 10046672. 

15 

This means that, if A 1 is the peak of a reflection 1 and B 1 is the 
nearest pronounced minimum (minima having reflection shoulders 
are not taken into account) to the left of the peak A 1 , in the 
line of the X-ray diffraction pattern when viewed along the 

20 intensity axis perpendicular to the 26 axis, and, in a 

corresponding manner, B 2 is the nearest pronounced minimum to the 
right of the peak A 1 and C 1 is the point at which a straight line 
drawn from the peak A 1 perpendicular to the 26 axis intersects a 
straight line connecting the points B 1 and B 2 , then the intensity 

25 of the reflection 1 is the length of the linear intercept A 1 C 1 
which extends from the peak A 1 to the point C 1 . The expression 
minimum means a point at which the slope of a tangent to the 
curve in a base region of the reflection 1 changes from a 
negative value to a positive value, or a point at which the slope 

30 tends to zero, the coordinates of the 26 axis and of the intensity 
axis being used for specifying the slope. 

In this document, the half -width is correspondingly the length of 
the linear intercept between the two intersection points H 1 and H 2 
35 if a line parallel to the 26 axis is drawn in the middle of the 
linear intercept A 1 C 1 , where H 1 and H 2 are the respective first 
intersection point of this parallel line with the above-defined 
line of the X-ray diffraction pattern to the left and right of A 1 . 

40 An exemplary procedure for determining half-width and intensity 
is also shown in figure 6 in DE-A 10046672. 



In addition to reflections h, i and k, the X-ray diffraction 
pattern of advantageous multimetal oxide materials (I) to be used 
45 according to the invention also contains, as a rule, further 
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reflections whose peaks are at the following diffraction angles 
(26) : 

9.0 ± 0.4° (1) , 

5" 

6.7 ± 0.4° (o) and 
7.9 ± 0.4° (p) . 

10 It is advantageous if the X-ray diffraction pattern of the 
catalytically active oxide materials of the formula (I) 
additionally contains a reflection whose peak is at the following 
diffraction angle (26) : 

15 45 .2 ± 0.4° (q) . 

Frequently, the X-ray diffraction pattern of multimetal oxide 
active materials (I) also contains the reflections 29.2 + 0.4° (m) 
and 35.4+0.4° (n) . 

20 

If the catalytically active oxide material of the formula (I) 
contains a k-phase, its X-ray diffraction pattern generally also 
contains further reflections whose peaks are at the following 
diffraction angles: (26): 

25 

36.2 ± 0.4° and 
50.0 ± 0.4°. 

30 If the reflection h is assigned the intensity 100, it is 

advantageous according to the invention if the reflections i, 1, 
m, n, o, p, q have the following intensities on the same 
intensity scale: 

35 i: from 5 to 95, frequently from 5 to 80, in some cases 

from 10 to 6 0; 

1: from 1 to 30; 

40 m: from 1 to 40; 

n: from 1 to 40; 

o: from 1 to 30; 

45 

p: from 1 to 3 0 and 
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from 5 to 60. 



If the X-ray diffraction pattern contains any of the 
abovementioned additional reflections, the half -width thereof is 
5 *as a rule < 1° . 

.All data in this document which are based on an X-ray diffraction 
pattern relate to an X-ray diffraction pattern produced using 
Cu-K0t radiation (Siemens dif f ractometer Theta-Theta D-5000, tube 
10 voltage: 40 kV, tube current: 40 mA, aperture V20 (variable), 
collimator V20 (variable), secondary monochromator (0.1 mm), 
detector aperture (0.6 mm), measuring interval (20): 0.02°, 
measuring time per step: 2.4 s, detector: scintillation counter). 

15 The specific surface area of multimetal oxide active materials 
(I) to be used according to the invention is often from 1 to 3 0 
m 2 /g (BET surface area, nitrogen) . 

In the novel process, freshly prepared catalysts to be used 
20 according to the invention are preferably first exposed to a 
reaction gas starting mixture which has a high steam content, 
based on propane present (i.e. in the composition range A) . 

If the novel process is carried out at as a fixed-bed oxidation, 
25 it is expediently effected in a tube-bundle reactor whose 

catalyst tubes are loaded with the catalyst. Usually, a liquid, 
as a rule a salt bath, is passed as a heating medium around the 
catalyst tubes. 

30 Considered over the reactor, the reaction gas mixture is fed in 
the catalyst tubes either cocurrently or countercurrently 
relative to the salt bath. The salt bath itself may flow entirely 
parallel to the catalyst tubes. However, a transverse flow can 
also be superposed on said parallel flow. Overall, the salt bath 

35 may also execute meandering flow around the catalyst tubes, which 
flow is cocurrent or countercurrent relative to the reaction gas 
mixture, considered over the reactor. Tube-bundle reactors 
suitable for the novel process are disclosed, for example, in 
EP-A 700714 and EP-A 700893. In the novel process, the propane 

40 space velocity over the catalyst load may be, for example, from 
10 to 500 1 (S.T.P. ) /l -h. The space velocity of the reaction gas 
starting mixture is frequently from 100 to 10 000, often from 500 
to 5 000, 1 (S.T.P. ) /1-h. 



45 



BASF Aktiengesellschaf t 



20010366 



O.Z. 



0050/52445 DE 




19 




In the novel process, the reaction gas starting mixture can be 
preheated to the reaction temperature before being fed to the 
reaction zone containing the catalysts. 

5" Of course, the novel process gives a product gas mixture which 
does not consist exclusively of acrylic acid. Rather, in addition 
. to unconverted propane, the product gas mixture contains 
secondary components, such as propene, acrolein, CO2 / CO, H20, 
acetic acid, propionic acid, etc., from which the acrylic acid 
10 has to be separated. 

Since both the amount of steam contained in the product gas 
mixture and the formation of acetic and propionic acid as 
byproducts are limited by the novel procedure, this separation 
15 can be effected as generally known from the heterogeneously 
catalyzed gas-phase oxidation of propene to acrylic acid. 

This means that the acrylic acid contained can be taken up from 
the product gas mixture, for example by absorption with a 

20 high-boiling inert hydrophobic organic solvent (for example a 
mixture with diphenyl ether and diphyl , which, if required, may 
also contain additives, such as dimethyl phthalate) . The 
resulting mixture of absorbent and acrylic acid can then be 
worked up in a manner known per se by rectification, extraction 

25 and/or crystallization to give the pure acrylic acid. 

Alternatively, the basic separation of the acrylic acid from the 
product gas mixture can also be effected by fractional 
condensation, as described, for example, in DE-A 19924532. 

30 The resulting acrylic acid condensate can then be further 
purified, for example by fractional crystallization (e.g. 
suspension crystallization and/or layer crystallization) . 

The residual gas mixture remaining in the basic separation with 
35 the acrylic acid contains in particular unconverted propane and 
possible unconverted propene. This can be separated from the 
residual gas mixture, for example by fractional rectification 
under superatmospheric pressure, and then recycled to the novel 
gas-phase oxidation. However, it is more advantageous to bring 
40 the residual gas into contact, in an extraction apparatus, with a 
hydrophobic organic solvent (for example by passing through said 
residual gas) which is capable of absorbing the propane and any 
pr opene pr e f er en t i ally. 

45 By subsequent desorption and/or stripping with air, the absorbed 
propane and any propene can be liberated again and can be 
recycled to the novel process. In this way, economical total 
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propane conversions can be achieved. However, the acrylic acid 
can of course also be separated from the product gas mixture by 
the procedure described in DE-A 10059122. 

5* A noteworthy feature of the novel process is that it permits high 
selectivity with respect to the acrylic acid formation in 
combination with a reduced steam requirement. 

The multimetal oxide materials I to be used according to the 
10 invention can of course also be used in the novel process in a 

form diluted with finely divided, e.g. colloidal, materials, such 
as silica, titanium dioxide, alumina, zirconium oxide and niobium 
oxide . 

15 The dilution mass ratio may be up to 9 (diluent) : 1 (active 

material), i.e. possible dilution mass ratios are, for example, 6 
(diluent) : 1 (active material) and 3 (diluent) : 1 (active 
material) . The diluent can be incorporated before and/or after 
the calcination. If the incorporation is effected before the 

20 calcination, the diluent must be chosen so that it is 

substantially retained as such during the calcination. This is as 
a rule true, for example, in the case of oxides calcined at 
correspondingly high temperatures. 

25 Catalysts consumed in the novel process can be regenerated 

repeatedly by loading with oxygen-containing gases, e.g. air or 
air depleted in oxygen or enriched with oxygen, to which steam 
may also have been added, at temperatures < reaction temperature. 

3 0 Examples 

A) Preparation of a multimetal oxide I catalyst to be used 
according to the invention 

35 1287.25 g of ammonium metavanadate (77.5% by weight of V 2 0 5 , from 
G.f.E., Nuremberg, Germany) were dissolved with stirring at 80°C 
in 44.6 1 of water in a stainless steel container. A clear 
yellowish solution formed. This solution was cooled to 60°C and 
then 1683.75 g of telluric acid (99% by weight of H 6 Te0 6 , from 

40 Fluka) and then 5868.0 g of ammonium heptamolybdate (81.5% by 

weight of M0O3 , from Starck) was stirred in in succession in said 
order while maintaining the 60°C. A deep red solution A formed. In 
a second stainless steel container, 1599.0 g of ammonium niobium 
oxalate (21.1% by weight of Nb from Starck, Goslar, Germany) were 

45 dissolved at 60°C in 8 . 3 1 of water to form a solution B. The two 
solutions A and B were cooled to 30°C and combined with one 
another at this temperature, the solution B being stirred into 
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the solution A. Stirring in was effected continuously in the 
course of 10 minutes. An orange aqueous suspension formed. 

This suspension was then spray-dried (T Receiv er = 30°C, T in = 240°C / 
5 - T out = no°C, duration of drying: 1.5 h, spray tower from 
Nipolosa) . The resulting spray-dried material was likewise 
.orange. 1% by weight of finely divided graphite (sieve analysis: 
min. 50% by weight < 24 \xm, max. 10% by weight > 24 |im and 
< 48 [im, max. 5% by weight > 48 jjm, BET surface: from 6 to 
10 13 m 2 /g) was mixed into the spray-dried material. 

The resulting mixture was compacted (compressed) to give hollow 
cylinders (rings) having the geometry 16 mm x 2.5 mm x 8 mm 
(external diameter x height x internal diameter) , in such a way 
15 that the resulting lateral compressive strength of the rings was 
about 10 N. 

200 g of these rings was calcined in two 100 g portions in 
succession in a rotary sphere oven according to figure 1 (quartz 

20 glass sphere having an internal volume of 1 liter; 1 = oven 

housing, 2 = rotating flask, 3 = heated space, 4 = nitrogen/air 
stream) . For this purpose, the content of the rotary sphere oven 
was heated from 25°C to 275°C with a linear heating ramp in the 
course of 27.5 minutes under an air stream of 50 l(S.T.P.)/h and 

25 was kept at this temperature while maintaining the air stream for 
1 hour. Heating was then effected from 275°C to 600°C with a 
linear heating ramp in the course of 32.5 minutes, the air stream 
being replaced by a nitrogen stream of 50 1(S.T.P.)/1. 600°C and 
nitrogen stream were maintained for 2 hours and the entire oven 

30 was then left to cool to 25°C while maintaining the nitrogen 

stream. Black tablets having the composition Moi . 0 V 0 .33Te 0 . isNbo . nO x 
resulted. 

The tablets were dry-milled to a particle size of < 100 (xm in a 
35 Retsch mill. 150 g of the milled material were stirred into 

1 500 ml of a 10% strength by weight aqueous HN0 3 solution in the 
course of 7 hours at 70°C under reflux and the solid was filtered 
off from the resulting suspension and was washed nitrate-free 
with water. The filter cake was dried overnight under air at 110°C 
40 in a muffle furnace. The resulting active material had the 
composition M01.oVo.27Teo.12Nbo.13Ox- 

75 g of the active material powder obtained were applied to 300 g 
of spherical supports having a diameter of 2.2 - 3.2 mm (support 
45 material = steatite from Ceramtec, Germany, total pore volume < 1% 
by volume, based on the total support volume; R z = 45 \xm) . For 
this purpose, the supports were initially taken in a coating drum 
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having an internal volume of 2 1 (angle of inclination of the 
central axis of the drum relative to the horizontal = 30°) . The 
drum was caused to rotate at 2 5 revolutions per minute. About 
30 ml of a mixture of glycerol and water (glycerol : water weight 
5 "ratio = 1:3) were sprayed onto the supports over 60 minutes via 
an atomizer nozzle operated with 300 l(S.T.P.)/h of compressed 
.air. The nozzle was installed in such a way that the spray cone 
wet the supports transported in the drum by metal driver plates 
to the uppermost point of the inclined drum, in the upper half of 

10 the rolling zone. The finely divided active material powder was 
introduced into the drum via a powder screw, the powder feed 
being located inside the rolling zone but below the spray cone. 
Through periodic repetition of wetting and powder metering, the 
support provided with the base coat itself became the support in 

15 the subsequent period. 

After coating was complete, the coated supports were dried for 16 
hours at 12 0°C in a through-circulation drying oven (from Binder, 
Germany, internal volume 53 1) . Glycerol was removed by a 
20 subsequent 2-hour heat treatment at 150°C under air. A coated 
catalyst S to be used according to the invention and containing 
2 0% by weight of active material was obtained. 

B) Carrying out the novel process and a comparative process 

25 

In each case 35 g of freshly prepared coated catalyst S were 
installed in a single- tube reactor (tube length: 140 cm, internal 
diameter: 8.5 mm, external diameter: 60 mm, V2A stainless steel, 
catalyst bed length: 54.5 cm, a 30 cm long preliminary bed of 

30 steatite beads from Ceramtec (2.2 - 3.2 mm diameter) additionally 
for warming up the reaction gas starting mixture, the reaction 
tube was furthermore finally filled with the same steatite beads 
after the catalyst zone) which was heated by electric heating 
mats. At a mat temperature of 3 5 0°C, the coated catalyst was 

35 installed in the tube reactor in air. 

Thereafter, in four experiments W, X, Y and Z independent of one 
another, four fresh tube reactor catalyst loads were loaded for 
48 hours, at a heating mat temperature of 3 50°C, with the 
40 following reaction gas starting mixtures W, X, Y and Z: 

W: 3.3% by volume of propane, 10% by volume of 0 2 , 40% by volume 
of N 2 , 4 6.7% by volume of H 2 0; 

X: 3.3% by volume of propane, 10% by volume of 0 2 , 4 0% by volume 
45 of N 2 , 4 6.7% by volume of H 2 0; 

Y: 3.3% by volume of propane, 10% by volume of 0 2 , 7 0% by volume 
of N 2 , 16.7% by volume of H 2 0; 
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Z: 3.3% by volume of propane, 10% by volume of 0 2 , 86.7% by volume 
of N 2 , 0% by volume of H 2 0 . 

The residence time (based on the catalyst bed volume) was 2.4 
5 "seconds in all cases. The operating pressure was 2 bar absolute 
in all cases. 

At the end of the 48 hours, the reaction tubes were further 
loaded with the following reaction gas starting mixture 
10 compositions while maintaining the residence time, and the 

following results were obtained after a further operating time of 
4 hours (with a single pass through the reaction tube, T M = 
heating mat temperature used) : 

15 W (according to the invention) : 3.3% by volume of propane, 

10% by volume of 0 2 , 
8 6.7% by volume of N 2 / 
0% by volume of H 2 0, 
T M = 390°C, 

20 propane conversion in a single 

pass through the reaction tube 
(C p ) : 25 mol %, 

selectivity Saa of the acrylic 
acid formation in a single pass 
25 through the reaction tube: 

50 mol %. 



Z (comparison to W) 



30 



3.3% by volume of propane, 
10% by volume of 0 2 , 

8 6.7% by volume of N 2 , 0% by volume of H 2 0, 
T M = 390°C, 
C p = 25 mol %, 
=40 mol %. 



35 X (according to the invention) 



40 



3.3% by volume of propane, 

10% by volume of 0 2 , 

70% by volume of N 2 , 

16.7% by volume of H 2 0, 

T M = 370°C, 

C p = 25 mol %, 

Saa =70 mol %. 



Y (comparison to X): 3.3% by volume of propane, 

10% by volume of 0 2 , 7 0% by volume of N 2 , 
45 16.7% by volume of H 2 0, 

T M = 385°C, 
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C p = 25 mol %, 
= 50 mol %. 



The results obtained demonstrate the advantageousness of the 
5^ novel procedure . 
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We claim: - 

1. A process for the preparation of acrylic acid by 
5- heterogeneously catalyzed partial oxidation of propane in the 

gas phase, in which a reaction gas starting mixture 
containing propane, molecular oxygen and at least one diluent 
gas is passed at elevated temperatures over a multimetal 
oxide material having the stoichiometry I 

10 

MOiV b M 1 c M 2 dO n (1) / 



where 



15 M 1 is Te and/or Sb, 

M 2 is at least one of the elemens from the group consisting 
of Nb, Ta, W, Ti, Al , Zr, Cr, Mn, Ga, Fe , Ru, Co, Rh, Ni , 
Pd, Pt, La, Bi, B, Ce, Sn, Zn, Si and In, 
b is from 0.01 to 1, 
20 c is from > 0 to 1, 

d is from > 0 to 1 and 

is a number which is determined by the valency and 
frequency of the elements other than oxygen in (I) , 



n 



25 and the propane is thereby partially oxidized to acrylic 

acid, wherein the composition of the reaction gas starting 
mixture is changed at least once while the process is being 
carried out, in such a way that the proportion of the diluent 
gas steam contained in the reaction gas starting mixture 

30 before the change and relative to the molar amount of propane 

contained in the reaction gas starting mixture is lower after 
the change . 

2. A process as claimed in claim 1 , wherein the following molar 
35 ratios are present in the reaction gas starting mixture 

before its composition is changed: 
Propane: oxygen :H 2 0: other diluent gases = 
1: (0.1-10) : (0.1-50) : (0-50) . 

40 3. A process as claimed in claim 1 or 2 , wherein the following 

molar ratios are present in the reaction gas starting mixture 
after its composition has been changed: 
Propane : oxygen : H 2 0 : other diluent gases = 
1: (0.1-10) : (0-30) : (0-30) . 



45 
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4. A process as claimed in any of claims 1 to 3 , wherein the 

reaction temperature before the composition of the reaction 
gas starting mixture is changed is from 250 to 550°C. 
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Preparation of acrylic acid by heterogeneously catalyzed partial 
oxidation of propane 

5 "Abstract 

.Acrylic acid is prepared by heterogeneously catalyzed partial 
oxidation of propane by a process in which the steam content of 
the reaction gas starting mixture is reduced in the course of the 
10 process. 
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